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Forevvord
The purposes of Column Research Council are to study and discus~
problems related to the stability and strength of metal compression
members; to organize research in this field; to disseminate information;
and to formulate design rules for consideration by specification-writing
bodies.
The activities of the Council in 1970 are summarized in this re-
port. A particular feature is the Proceedings of the 1970 Annual Tech-
nical Session. As in the past, the rosters of members of the Council
and the By-Laws are also included.
The support and technical contributions of the members and investi-
gators are sincerely appreciated. Those individuals and organizations
that have contributed financially to the Council have made possible the
basic work reported here. Special thanks are due to the Engineering
Foundation for its constant assistance to the Council.
The sponsorship and financial support of the National Science
Foundation for the Annual Technical Session is gratefully acknowledged.
The CRe Executive Committee
L. S. Beedle, Chairman
Lehigh University
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One of the purposes of the Council is to maintain a forum where
problems related to the design and behavior of columns and other com-
pression elements in metal structures can be presented for evaluation
and discussion.
The 1970 Annual Technical Session was held on March 24 and 25
at the Diplomat Hotel in St. Louis, Missouri, under the auspices of
Washington University. The panel discussion, which had proved to be
a very successful feature of last year's program, was held at the
Engineers' Club of St. Louis in a special evening session on March 24.
It was titled "The Structural Engineer Looks at the Stability Provisions
of the 1969 AISC Specifications", and brought forward a number of com-
ments from designers and researchers.
Remarks by the Chairman, task group reports, the panel discussion
and abstracts of the oral reports follow. The program of the session
and the attendance list are contained in the appendix.
REMARKS BY THE CHAIRMAN
The purposes of the Column Research Council fall into five major
categories as follows:
1. It is a forum where projects can be presented, evaluated,
and the worthy ones supported.
2. It digests the world's literature on the behavior of com-
pression elements.
3. It organizes research projects, and through its task groups
it guides these projects to completion.
4. It promotes the publication and dissemination of original
research information.
5. It promotes adoption of findings.
Our technical sessions provide opportunity to carry out the first
and the last function, and the group attending this meeting augers well
for an effective exchange of research results and findings.
In this connection, the recent publication by ASCE of its Manual
No. 51, "Survey of Current Structural Research" affords yet another
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opportunity for contact with investigators in related fields.
ment is recommended for review by all participants. More than
rent research projects are abstracted in it.
The docu-
2000 cur-
With particular thanks to Professor T. V. Galambos and Mr. Reidar
Bjorhovde (who have organized the technical session and conference) and
to the National Science Foundation for its financial support, we now
look forward to hearing from the research workers and the task groups as
to their progress during the past year. Prospects for utilization of
the material--especially in the CRC "Guide"--will be of special interest.
T ASK G R 0 U P REP 0 R T S
TASK GROUP 1, CENTRALLY LOADED COLUMNS
Chairman, J. A. Gilligan, United States Steel Corporation
Residual Stresses in Heavy Plates and Shapes
R. Bjorhovde and L. Tall, Lehigh University
The distribution and magnitude of the residual stresses in heavy
plates and shapes have been studied extensively at Lehigh University.
The results are intended to provide information basic to the behavior
and strength of heavy columns.
A wide variety of ASTM A36 plates were investigated, with plate
thickness ranging from l~ to 6 inches, and plate wiuth from 9 to 24
inches. Universal mill and flame-cut plates were studied in the as-
manufactured condition, and with welds placed along the center and along
the edges.
Among other results, it was found that the size of the component
plates had a profound effect on the magnitude and distribution of the
residual stresses, in particular that the stresses exhibit a significant
variation through the thickness.
The findings indicated that the residual stress distribution
in a built-up shape can be simulated accurately by utilizing the data
obtained from the single plates. This allows the computation of the
column strength for a number of shapes, without performing the measure-
ments on the actual shapes.
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Con~arison of Residual Stresses in Heavy UM Plates
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Welding Parameters and Column Strength
J. Brozzetti, L. Tall and P. Marek, Lehigh University
This presentation describes a study on the influence of different
welding parameters on the magnitude and distribution of residual stresses
in flame-cut plates 24" x 2", of ASTM A36 steel. The residual stress
diagrams obtained after complete sectioning and after slicing are related
to the original conditions of fabrication and manufacturi~.
These welded flame-cut plates have been used as parent plates
of a built-up section 24 H 428, and the strength of this heavy section
is analyzed. The differences observed in column strength of the sim-
ulated section 24 H 428, built-up with flanges of 24" x 2" flame-cut
center-welded plates, and a web of 20" x l!z" flame-cut edge-welded plate,
is correlated to the different heat inputs caused by welding with dif-
ferent welding parameters. Conclusions are drawn with respect to the
effect of the welding parameters on the strength of the column.
A special investigation has been made on the different plates,
in order to find the variation of the mechanical properties through
the thickness, and at different locations across the 24" x 2" plates.
The properties were determined by tension tests, and the results are
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R. Bjorhovde and L. Tall, Lehigh University
A deterministic analysis of the column strength problem has been
undertaken at Lehigh University, with a special view towards developing
multiple column curves. The first' phase of the study was based on the
tangent modulus load, and was reported at the CRC Annual Meeting in 1969.
The second phase formulates the problem in terms of the maximum
strength of the column, and it is shown that this load constitutes a
more rational basis for the solution. Three arbitrarily pre-selected
column curves have been used to analyze the grouping of the various
column categories.
The preliminary results have been used to develop a column
curve selection table, which when completed, will provide informa-
tion as to which curve each column category belongs to.
1.5
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Comparison of Tangent Modulus and Maximum Strength Curves
for 14 H 202 (A 36, Flame-Cut),
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TASK GROUP 3, ULTIMATE STRENGTH OF COLUMNS WITH BIAXIALLY ECCENTRIC LOAD
Chairman, J. S. Ellis, Royal Military College of Canada
Research at Lehigh University on Biaxially Loaded Columns
W. F. Chen, Lehigh University
A complete elastic-plastic analysis of a wide-flange shaped
column subjected to combined axial force, biaxial bending, and twist-
ing moment will be reported. The solution includes residual stresses,
imperfections, and end restraints. A number of interesting solutions










T. Usami, Washington University
A theoretical and experimental study of single-angle columns
simulating web members of long-span steel joists will be discussed.
The single-angle column is treated as a non-sway restrained column
subjected to an equal eccentrical axial force at both ends of the
column.
A computer program was used to calculate the elastic-plastic
behavior of such columns with initial imperfections and residual
stresses taken into consideration.
A series of tests was also carried out. The column ends were
welded to structural Tee stubs and loaded eccentrically through the
webs of the Tee stubs. The comparison of the test results with the
predictions is discussed.
CRC Interaction Equations for Biaxially Bent Beam-Columns
S. U. Pillai, Royal Military College of Canada
Results of tests on biaxially bent beam-columns reported from
Russia, Germany, New York University, and Royal Military College of
Canada were compared with predictions obtained using the interaction
equation 6.19 recommended by the "CRC Guide to Design Criteria for
Metal Compression Members". The comparisons indicated that the equation
is conservative, especially for closed box sections.
It was pointed out that the equation in the present form leads
to results dependent on the axis orientation when applied to tubular
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A modification as given below was suggested for such sections and
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Ref.: Pillai, S. Unnikrishna
"Review of Recent Research on the Behaviour of Beam-Columns Under
Biaxial Bending" - Civil Engineering Research Report No. CE70-l,
Royal Military College of Canada, Kingston, Jan. 1970.
(Report of Task Group 3 presented at the CRC Executive Committee
Meeting at Washington, 30 Jan. 1970.)
Model Tests on Three-Dimensional Subassemblages
J. F. Lott, Royal Military College of Canada
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Schematic View of Test Set-Up
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A three dimensional subassemblage design procedure for multi-
story braced frames was reported to this group in April 1969. A test
series consisting of two two-dimensional and two three-dimensional sub-
assemblages was undertaken. The first three tests were completed and
the results indicated good agreement with the predictions. The final
test is under way. A Schematic View of the test setup is shown in the
figure.
TASK GROUP 4, FRAME STABILITY AND EFFECTIVE COLUMN LENGTH
Chairman, J. S. B. Iffland, Praeger-Kavanagh-Waterbury
Report of Activities of Task Group 4
Jerome S. B. Iffland, Chairman
Task Group 4, Frame Stability and Effective Length was reacti-
vated in May of 1967. The Task Group, consisting of 11 members, has
developed a recommended research program which is being submitted to
the Executive Committee for approval. This research program has two
objectives. First, to determine the accuracy and range of the present
procedures of determining the effective lengths of columns in frames
with a possible corollary goal of obtaining a simpler procedure for its
determination. Second, an investigation into the ultimate stability
strength of frames with a goal of possibly eliminating the concept of
effective length. The research program will develop prototype build-
ings based on actual buildings collected by Task Group members.
The Effect of Built-Up Ends on Frame Behavior
R. J. Alvarez, Hofstra University
The effect of built-up ends on the behavior of plane rigid frames
will be studied. A numerical procedure including this effect and the
effects of axial force, spread of the inelastic zones, displacements
of the joints, and strain reversal will be presented. The procedure
will be programmed in FORTRAN IV for the CDC 6600 electronic digital
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IDEALIZATION OF MEMBER WITH
Behavior of One-Story Assemblages
J. H. Daniels and L. W. Lu, Lehigh University
BUILT-UP ENDS
The sway subassemblage method of analysis can be used to predict
the lateral-load versus lateral-deflection behavior of a one-story
assemblage subjected to combined gravity and lateral loads. The analysis
considers p~- effects as well as plastification and residual stresses in
columns and plastic hinges in the beams. The analysis can also be per-
formed for proportional and non-proportional loading.
The experimental behavior of a one-story assemblage under non-
proportional loading will be discussed and a comparison of the experi-
mental results with the theoretical predictions will be shown.
-12-
Task Group Reports
Testing of a One-Story Assemblage
Inelastic Instability Analysis of Three-Dimensional Frames
L. W. Lu, Lehigh University
The talk presents the results of recent research on the analysis
of three-dimensional frames under combined gravity and lateral loads.
The analysis considers yielding under combined axial forces, biaxial
bending, twisting moment, and also the P6-moment due to the sway of the
frame at two perpendicular directions.
-13-
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TASK GROUP 7, TAPERED MEMBERS
Chairman, A. Amirikian, Naval Facilities Engineering Command
of Memb ers and Frames by Finite Element MethodInelastic Buckling Solutions -
M. L. Morrell and G. C. Lee, State University of New York at Buffalo
(1) Solutions for the lateral-torsional buckling of tapered H-
columns. These solutions furnish partly the information
needed for the formulation of design recommendations of
tapered members presently under preparation by Task Group 7.
(2) A typical example of inelastic frame buckling. .
In all cases, the members are H-shaped with the presence of res1dual
stresses. For tapered members, the cross sectional variation is linear
and in the web plate only. The finite element solutions compare reason-
ably well with those obtained by Fukumoto and Galambos for prismatic beam-
columns.
The finite element method is used for inelastic buckling solu~ions
of structural members and frames. The general solution proce~ures w1ll
first be described, and two specific cases will be discussed 1n more de-
tail.
This study is jointly supported by the Naval Facilities Engineering
Command and the Metal Building Manufacturers Association.
TASK GROUP 8, DYNAMIC INSTABILITY
Chairman, D. A. DaDeppo, University of Arizona
Dynamic Instability Analysis of Frameworks with Timoshenko Members
F. Y. Cheng and C. L. Smith, University of Missouri at Rolla
The instability of eigenvalues of structural vibration is studied
by considering the effects of bending, rotatory inertia, shear deforma-
tions, and axial forces. The axial compression forces in the individual
members are expressed in ratios of the static instability load of the
system.
The static instability analysis includes the effects of shear
and bending deformations, and can be achieved by finding the load fac-
tors of the actually applied forces. When the structure is loaded with
the actual forces, multiplied by the fundamental load factor, the struC-
ture will deform to the first buckling mode.
The behavior of the dynamic instability is observed by assuming
various ratios of the buckling load to be applied to the structure,
and the dynamic response is then calculated based on the eigenvalue
associated with the actual axial loads and the time-dependent harmonic
forces or foundation movements. In the static instability analysis,
-14-
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some secondary goals may be achieved by studying the effects of the shear
deformation on the buckling load, and the effect of the distribution of







FRAMEWORKS FOR DYNAMIC ANALYSIS (F. = Buckling Load
to be Determined, d. = Various Ratios 6f Buckling Load,
P = Lateral Force, ~ = Forced Frequency, t = time, i =
;-:1; and e = exponent)
A Finite Element Formulation for Static and Dynamic Instability of
Thin-Walled Members
R. S. Barsoum, Cornell University
The matrix displacement method is used in deriving a formula-
tion for the general instability analysis of thin-walled elastic members.
The formulation includes torsional and torsional-flexural deformations.
The formulation is applicable to systems subject to conservative as well
as non-conservative forces. The finite element formulation was extended
to include a non-linear analysis of thin-walled members when the displace-
ments are large while the strains are still small. Only the non-linear
analysis under static conservative loads is presented.
-15-
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A lication of the method is made to the latera~ and torsi~nal
. tabili~y of thin~walled members subject to concentrlC , eccent~lc
:~:tic loads, conservative torques and nonconservative follower orces.
The analysis predicts buckling (bifurcation), as well as ~lutter
(dynamic instability). Tests on problems, for which exact s~lu~lonsf
are known, illustrate the accuracy and convergence characterlstlcs 0
the finite element formulation.
TASK GROUP 9, CURVED COMPRESSION MEMBERS
Chairman, W. J. Austin, Rice University
In-Plane Bending and Buckling of Arches
Walter J. Austin, Rice University
The state of knowledge of the in~plane bending and buckling of
arches was summarized in this report. The discussion was concerned with
the available experimental and analytical data and with useful design
concepts rather than with the various mathematical theories. The infor~
mation was presented in a way which will make it helpful for design
purposes. This review did not include "shallow arches".
Most of the literature on the buckling of arches relates to
arches of such a shape and loading that they act in pure axial compres-
sion; that is, the pressure line in each arch coincides with the centroi-
dal axis of the member. This literature was reviewed first. It was
shown that a remarkable similarity exists between the critical axial
thrust in an arch and in an equivalent column. Simple rational concepts
were presented for estimating the critical values of thrust of prismatic
and non-prismatic symmetrical arches of any practical shape. These con-
cepts permit the extrapolation of the limited available data and make
possible the formulation of simple design recommendations.
The literature on the behavior of slender arches subjected to
loadings which produce primary bending moments was next reviewed. Of
considerable interest is the finding that unsymmetrical loading seems
to cause instability at much lower values of thrust than symmetrical
loading.
The report was concluded with a brief review of methods of analysis
of the bending of slender arches and of approximate procedures which have
been proposed for design use.
-16-
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Finite Deflections, Buckling and Postbuckling of an Arch
G. A. Wempner, University of Alabama in Huntsville
G. E. Patrick, AMSMI-RST, Redstone Arsenal, Alabama
The finite-element theory of a previous paper is used to inves-
tigate the finite deflections, buckling and postbuckling behavior of a
circular arch.
The motion of a finite element is decomposed into a rigid-body
displacement and a deformation. The behavior of the individual element
is governed by linear algebraic equations according to the Winkler-Bach
theory. The nonlinearities arise from differences between the rigid-
body rotations of adjacent elements.
To achieve a solution the nonlinear algebraic equations are re-
placed by a succession of linear equations, each governing the response
to a small increment of load. To eliminate cumulative error, the numer-
ical results are inserted in the nonlinear equations and corrected by
the Newton-Raphson procedure.
When the arch buckles, large deflections accompany a small
perturbation of the load. Consequently, the foregoing procedure must
be modified to trace the postbuckling paths: Increments of a deflection
parameter are assigned, while the loading increment is among the
unknowns to be computed, again, by a linear approximation.
Numerical results are given for a semi-circular arch under a
central load, vertically aligned and misaligned. The results are com-




Circular Arch Subdivided into Finite Elements
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Out-of-Plane Buckling of Curved Members
M. Ojalvo, Ohio State University
The out-of-plane buckling problem of arches and other curved
members initially loaded in their undeformed plane is amenable to numer-
ical solutions for almost every conceivable case. These solutions which
are based upon the linear theory of buckling have been compared with
experimental works and the differences between experimental and theore-
tical results have been found to be within acceptable limits so long
as the curved members are of solid or box type cross section.
For members of open cross section some doubt exists that warping
torsion effects can be computed as they are for straight members. Wil-
son (1) has observed that at least two concepts for the evaluation of
warping torsion effects have been proposed. As a result of tests con-
ducted by Wilson it was concluded that warping torsion effects may not
b~ evaluated for curved members by slightly modifying the expression
derived for straight members as has been proposed by Vlasov. The
evaluation of the expression for warping torsion is important to curved
beam as well as to arch buckling theory.
Ref.: l.Wilson, J. T.,Thesis presented to the Ohio State University in
partial fulfillment of the requirements for the Ph.D. degree,
1969.
2.Vlasov, V. Z.,Thin-Walled Elastic Beams (2nd Edition), The
Israel Program for Scientific Translations, 1960.
Some Remarks on the Behavior of Shallow Arches
E. F. Masur, University of Illinois at Chicago Circle
It is well known that the carrying capacity of arches and even
of shallow, arches, is superior to that of beams of the same ~pan and
cross sect10n. ,One of the penalties for this increase in efficiency of
shallow arches 1S the danger of sudden failure by snap-through. The
current study deals with this particular feature.
If a shallow arch is subjected to a lateral load, the nonlinear
problem can be posed in terms of the equation of equilibrium
IV




and associated bbundary conditions. In nondimensiona1 form w represents
the deflection, p the load, k the axial (compressive) force and ' indi-
cates differentiation with respect to the span variable x. The condition
of fixity of the supports against horizontal movement is given by
2 J 1 '2k = 6A • (w - '2 w ) dx
in which A"" H/t:[3 is a geometric "steepness" parameter relating the
rise H to the radius of gyration r.
(2)
Eq. (1) can be solved for given p in terms of k, which in turn is
found by substitution in Eq. (2). The result can then be summarized in
the solid curve in the figure, in which the portion oab is stable, bc is
unstable, and cdefg is stable again. Actually, of course, when the limit
point b is reached the arch snaps through directly toward point f while
picking up kinetic energy.
If the arch is fixed at both ends and the load is uniform, this
behavior pattern applies when A ~ 2.85. For even steeper arches, that is,
for A ~ 5.74, unsYmmetric buckling (point a) will occur before the limit
point is reached. The equilibrium path is then stable-symmetric on oa,
unstab1e-unsYmmetric on ad, and again stable-symmetric on defg. Actually,
as before, buckling under constant load occurs along ae, again with a
pick-up in kinetic energy.
The point of bifurcation a is found easily by requiring that Eq.
(1) ,with the right side equated to 0, have a nontrivial solution. For
the case of a fixed arch under uniform pressure this occurs when K = 1.43TI,
while the associated critical pressure is given by
p • 20.2 ~~R .[:0.60 + 0.40.\1'1 _(Si02) 2':J (3)






TASK GROUP 10, DESIGN OF LATERALLY UNSUPPORTED RESTRAINED BEAM-COLUMNS
Chairman, T. V. Galambos, Washington University
Inelastic Lateral-Torsional Buckling of Restrained Beam-Columns
Lee Chong Lim, Lehigh University
This paper presents the theoretical solutions for the occurrence
of inelastic lateral-torsional buckling of as-rolled steel ~-beam­
columns with restraints being provided at the column ends to resist
weak-axis bending and war~ing of the section. The beam-columns are
subjected to an axial load and to bending moments applied about the
strong axis at the column ends. The solutions consider both the tangent
modulus and reduced modulus concepts of unloading of the yielded por-
tions of the column section. The different degrees of restraints are
studied and their beneficial effects are compared with the solutions
for pinned-end beam-columns, free to warp and bend about the weak-axis.
The theoretical solutions are then compared with the available test
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TASK GROUP 11, EUROPEAN COLUMN STUDIES
Chairman, D. Sfintesco, CTICM, France
Introductory Report for TG 11
D. Sfintesco, Chairman
It has been shown that the strength of an axially loaded column
can be predicted fairly well, provided that accurate information is
available on the actual geometric imperfections, on the actual material
properties, and on the value and the pattern of the residual stresses in
that particular column.
The basic idea for the European statistical approach to the column
strength problem was to perform a large number of tests on columns under
conditions as close as possible to those met in practice. The final aim
is to obtain a consistent degree of safety for all members of a structure,
whatever their shape and type of stress may be.
More than 1000 columns from several countries have been tested.
As a result, experimental column curves for tubular shapes, for I-shapes,
and other types of compression members of limited size have been pre-
pared. The research program is not completed yet, but presently at
least three European countries have improved the column curves in their
-21-
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national codes by utilizing the data provided by the test results.
Proposed Method for Testing of Medium and Heavy Columns
N. Tebedge and L. Tall, Lehigh University
The proposed method may be considered a compromise between static
and dynamic testing methods. It takes advantage of past experience on
initial measurements, alignment, and instrumentation; also sufficient
data is available for theoretical evaluation.
The main features of the proposed method are:
1. Geometrical alignment with respect to center of flanges is
used.
2. Dynamic loading with constant " s train rate" and continuous
recording of data is used up to the ultimate load where a
static reading is taken, and dynamic loading is resumed.
3. The static column curve is derived from the dynamic curve
using the relationship between dynamic and static yield stresS.
\LOADINGl
Hethod Typical Loa.ding Testing Accuracy of RemarksColumn Curve Time Static Curve
PC~ 0.5 to 1.0% (for - Time ConsumingStatic hydraulic testing - Dynamic Curve4-6 hr•• machine) not availableFL 1 except PUd'





EC 1 Dynamic 15-20 min. Static Curve Static Curve not
not available.
available.
EC 2 PC~ Somi- 30-40 min. 0.5 - 1.0~ Only the ultimateDynamic Stiltic Point
available.
Comparison of Loading Techniques for Vari T ious est ng Methods
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TASK GROUP 12, MECHANICAL PROPERTIES OF STEEL IN INELASTIC RANGE
Chairman, G. F. Fox, Howard, Needles, Tammen & Bergendoff
Data Collection on the Mechanical Properties of Structural Steels
Paul J. Marek, Lehigh University
In the presentation is described a suggested procedure for the
collection of data on mechanical properties of structural steels. The
study is a part of research project, "Load Factor Design for Steel
Buildings".
The objective of this report is to identify the data to be
collected and to propose a storage system suitable for the statistical
evaluation and data processing using the computer.
In the suggested procedure the information will be stored using
two computer cards. The first card will be punched with the data re-
lated to the material source and the geometrical properties of the speci-
men. The second card will be used for entering the significant mechanical
properties.
JASK GROUP 13, THIN-WALLED METAL CONSTRUCTION
Chairman, S. J. Errera, Cornell University
Impact Loading of Thin-Walled Beams
Edward A. Zanoni and Charles G. Culver, Carnegi.e-Mellon University
An analysis of the dynamic response of light gage cold-formed
beams subjected to shock loading is presented. A lumped mass mathematical
model which considers the nonlinearity of the beam response due to local
buckling is developed. Numerical results for stresses and deflection ob-
tained from the model are compared with experimental results obtained
during a series of tests performed on full scale beams. Both static and
dynamic tests were included in the experimental study. The maximum stress
levels obtained in the dynamic tests ranged from 2 ksi. to 33 ksi. Good
correlation between the experimental and analytical results was obtained.
Studies based on the mathematical model indicated that it may be possible
to neglect the nonlinearity due to local buckling in computing the inter-
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Test Setup for Impact Tests
TASK GROUP 15, LATERALLY UNSUPPORTED BEAMS
Chairman, R. L. Haenel, P. B. I. Industries
Inelastic Lateral Buckling of Laterally Braced Beams
Alois J. Hartmann, Marquette University
The purpose of the study was to evaluate the effect of lateral
bracing type and location on the lateral buckling behavior of simply
supported beams. Since the study was qualitative in nature only beams
of rectangular cross section loaded either at mid-span or at third-points
were considered. The effects of the axial stiffness and of the flex-
ural stiffness of lateral bracing on the critical load have been eval-
uated.
Tests on Continuous Beams with Large Unbraced Lengths
H. Costley and J. Yura, University of Texas at Austin
The results of a series of tests on A36 rolled steel continuous
beams are presented. The end conditions were designed to simulate beam-
-24-
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to-column connections in a building. The effect of flange slenderness,
beam slenderness, and moment gradient on the stability of rigidly sup-
ported beams was studied by exceeding current slenderness requirements
for plastic design and similar restrictions requiring compact sections
in allowable stress design. The requirements for stiffeners at plastic
hinge points and bracing with flexural rigidity were ignored when pos-
sible.
Despite the fact that the slenderness parameters exceeded the
a110wab1es by current design specifications, all beams carried the pre-
dicted ultimate load calculated by plastic design methods. The results
show that the design requirements may be relaxed considerably with no
loss in safety of the structure.
Inelastic Instability of Steel Beams
Joseph J. Doane and Joseph A. Yura, University of Texas at Austin
The object of this study is the investigation of lateral and
local inelastic instability of the compression flange of wide-flange
structural steel beams. Existing theory is examined by statistical
methods, and a number of geometric and strength parameters are evaluated.
A series of beams are tested to give a measure of variability of the
phenomenon, and the data from these tests describes the lateral and
local deformations under load. Finally, an assumption that the insta-
bility is not a manifestation of buckling is explored by a computer sim-
ulation of the deforming compression flange.
TASK GROUP 16, PLATE GIRDERS
Chairman, B. T. Yen, Lehigh University
Ultimate Strength of Transversely Stiffened Plate Girders - Design Formulas
A. Ostapenko, Lehigh University
A method of ultimate strength analysis of plate girders based
on the assumption of beam action, tension-field action and frame action
contributions was presented at the two previous Annual Meetings of the CRe.
It is applicable to symmetrical, unsymmetrical, homogeneous or hybrid
girders subjected to shear, bending or combined loads. With some modi-
fications it also is suitable for longitudinally stiffened girders. Cor-
relation with tests was shoWn to be very good. Unfortunately, computers
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must be used since the iterative process of the method is not amenable to
manual computation. The talk describes a set of simple design formulas
which it was possible to develop for transversely stiffened plate girders.
In the case of combined loading, the shear strength reduced by the pre-
sence of moment is computed and then compared with the bending strength
reduced by the presence of shear. The lower load carrying capacity is
taken as the controlling value. In spite of their generality, the for-















TASK GROUP 17, STABILITY OF SHELL-LIKE STRUCTURES
Chairman, K. P. Buchert, Universl'ty f '
o Mlssouri at Columbia
Stability of Shell-Like Structures
Kenneth P. Buchert, University of M' ,Issourl at COlumbia
A draft of Chapter Eighteen for h '
Shell-like structures.was discus d T~ e ~RC GUIde on Spherical
se. e c apter will include formulas
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for the general and local buckling of latticed, reticulated, stiffened,
orthotropic, sandwich, framed, and other types of shell-like structures.
Plasticity reduction factors and deflection effects are discussed,
and formulas are presented. A draft on the buckling of cylindrical
shells is being prepared by Professor Chajes and will be reviewed by
Task Group 17. .
TASK GROUP 18, TUBULAR MEMBERS
Chairman, A. L. Johnson, AISI
Stability Problems in Offshore Structure$
P. W. Marshall, Shell Oil Company
Fixed offshore structures have been built in water depths to 373
feet. Structural steel design follows the basic allowable stresses of
the AISC building code. Where the governing load is a combination of
dead load, live load, and environmental forces, allowable stresses are
increased by one-third. The design environmental forces are not specified
in regulations, and their selection is left to the prerogative of the
owner. Most operators select a design condition which corresponds to one
percent annual probability of being equalled or exceeded at the specific
platform site. Even if there were absolute knowledge of structural
behavior, designers would still have to contend with considerable
uncertainty inherent in the selection of the design wave and in the
calculation of wave forces. Thus, there is little incentive for pur-
suing research which seeks a five percent refinement in allowable steel
stress; rather, emphasis should be placed on those areas where the
designer is forced to go beyond existing codes, or where the appli-
cability of existing codes needs to be re-examined. A number of such
areas are discussed briefly.
Due to the reversible nature of storm forces, most of the lateral
bracing members in an offshore structure must be designed for compres-
sive axial loads. These members are also subject to localized wave
pressures, buoyancy, and gravity forces, for which they act as beams.
Thus they are designed as beam-columns, using the interaction formulae
spelled out in the AISC code. The strength of actual columns departs
significantly from the theoretical buckling strength due to variations
in the material properties, residual stresses, and imperfections such
as initial crookedness. The code reflects such considerations and is
consistent with a large number of column tests, representing a wide
variety; however, data for tubular columns is not included. Tubular
columns as used in offshore structures are cold-formed from plate, welded
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along a single longitudinal seam, and used without stress relief.
The resulting asymmetrical pattern of residual stress and its effect
on column strength is at this point in time a matter of conjecture.
For the most part, the problem of local buckling in tubular
compression members is avoided in offshore structure design, by simply
using relatively compact sections. In designing large diameter, lightly
loaded jacket legs, however, thinner wall tubulars are a logical choice;
and their design requires a careful evaluation of local buckling strength.
A frequent consideration in deepwater fixed platforms is the
interaction of tensile axial and bending stresses, with compressive
ring stresses caused by the external hydrostatic pressure. Jacket
braces are usually not flooded, to avoid internal corrosion, and so
that their buoyancy may be used to reduce the effective dead weight of
the struc ture.
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TASK REPORTER 2, STRENGTH OF LONGITUDINALLY STIFFENED PANELS
A. Ostapenko, Lehigh University
Grillages Under Normal and Axial Loading
A. Ostapenkb and R. P. Kerfoot, Lehigh University
Grillage, a plate with stiffeners in two usually mutually per-
pendicular directions, has substantial reserve of strength beyond first
yielding. However, consideration of large deflections and inelastic
range is extremely difficult in formulation and even more so in solving.
Common practice is to assume small deflections and elastic range and
use first yield or an interaction between first yield and elastic
buckling as the design criterion.
The purpose of this project is to develop a method for deter-
m~n~ng the ultimate strength of grillages subjected to normal and axial
loading. This work is an extension of a related but simpler problem
of the ultimate strength of longitudinally stiffened plate panels which
was successfully solved and reported at previous Annual Sessions. For
grillages, instead of numerical integration, a collocation method was
developed. The three displacement functions, D, V, and Ware assumed
to be in the form of circular (sine and cos) function series with aux-
iliary polynomials superimposed over each sub-domain to accomodate
discontinuities in moments, shears, etc. at plate-stiffener and plate-
stiffener-stiffener junctions. In the large-deflection inelastic
range, the unknown coefficients are determined by minimizing the error
in equilibrium equations at a preselected system of points. Current
work consists of debugging the computer program based on this approach
and refining the optimization technique to improve convergence. A
detailed report is deing prepared.
-29-
Contributions of Task Reporters
x
y








IT. f l f \. •• t f t , ,
(0) Axiol Loads
c\I I I I !h II I d ! I I I J)
(b) Normal Loads
TASK REPORTER II, STABILITY OF ALUMINUM STRUCTURAL MEMBERS
J. w. Clark, Alcoa Research Laboratories
Stability of Aluminum Structural Members
J. w. Clark, Alcoa Research Laboratories
This report will not present research results but will call
attention to some structural stability problems that are of current
interest in the aluminum industry. One such problem is the buckling
strength of an angle-shaped stiffener on a plate, where the plate-
stiffener combination is loaded in bending with the plate in tension
and the stiffener flange in compression. A solution to this problem
should take into account the effects of inelastic action, moment gra-
dient along the panel, and eccentricity of loading on the stiffener
flange. Practical applications of such members are in ship hulls and
deck houses, standing seam roofs, and cable trays used in building con-
struction. In the latter case, the Il s tiffeners'l are the side rails
of the cable tray and instead of being attached to a plate they may
be attached to each other by rungs.
Another current problem is the lateral-torsional buckling
strength of open-section columns. Research at Cornell University has
done much to reduce this problem to terms that can be handled in design,
but the design procedures developed are still relatively complex and
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the charts that have been prepared as design aids apply only to members
of uniform thickness and thus are not applicable to many extruded
aluminum shapes.
In the field of pressure vessels, an interesting problem is
the combined effect of internal pressure and inelastic action on the
compressive buckling strength of cylindrical tanks and storage bins.
The compression is caused by roof loads, wind loads, and, in the case
of dry storage bins, friction from the contents. Internal pressure
increases the buckling strength as long as the stresses are elastic.
However, internal pressure may also bring about earlier yielding, which
tends to reduce the buckling strength. Thus, the net effect may be
either an increase or decrease in buckling strength depending on the
proportions of the vessel and the stress level.
Some buckling problems are encountered in areas that are not
ordinarily considered by civil engineers. One such problem that is
fairly complex and rather important economically is the buckling of
the outer periphery of a beer can end under the compressive ring
stresses resulting from internal pressure.
o THE R REP 0 R T S
Stability of Continuous Crane Rail
P.Marek and J. H. Daniels, Lehigh University
The maintenance costs and life of crane rails depend mainly
on the arrangement of the splices and the rail clips. The continuous
rail with welded joints was introduced to reduce damage of the rail
end and to allow smoother travel of the crane. Due to temperature
differences, a high compression force may occur in the continuous rail.
As a result, instability is possible in both horizontal and vertical
planes. According to the theoretical results, it appears that rail
clips are required only as guides to prevent lateral displacement
and to transfer lateral crane forces to the supporting beam. Also these
results show that vertical restraint of the rail may not be required
even if high compression force develops in the rail due to temperature
changes.
Web Behavior at Concentrated Loads in Steel Beams
Joseph A. Yura, University of Texas at Austin
When checking for the possibility of web buckling in a steel beam,
it is normally assumed that there is no relative lateral movement be-
tween the top and bottom of the web. Tests on steel beams of practical
dimensions and loading show that web buckling under concentrated loads
can occur in a sidesway mode when only one flange is braced laterally.'
Theoretical studies confirmed by tests show that the stiffness
of the beam flan~e is in~ufficient to brace the web against sidesway.
Consequently, thiS buckling mode is critical and design specifications
that ass e 'd '
i . um no Sl esway are shown to substantially overestimate thecr t1cal load.
I d Design approaches for determining the sidesway web-buckling
th
oa
are.presented for steel beams and composite girders along with
e requirements for full ad'
sidesway mode. n partial depth stiffeners to prevent the
also ma:~.evaluationof the web crippling problem in steel beams is
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THE STRUCTURAL ENGINEER LOOKS AT THE STABILITY
PROVISIONS OF THE 1969 AISC SPECIFICATIONS
Opening Remarks by
Dr. Lynn S. Beedle, Chairman
Column Research Council
I want to welcome all of you here and to express our appreciation
to Ted Galambos and to the Engineer's Club for their fine hospitality.
The important thing for this evening is for us to think about the
application of the work of the Column Research Council as it is seen in
the eyes of designers and those who write the specifications. It all
comes down to the case of actual design. We are very fortunate this even-
ing to have a panel to discuss the theme, "The Structural Engineer Looks
at the Stability Provisions of the 1969 AISC Specifications". I am pleased
to introduce the moderator of the panel, Mr. Jackson Durkee, Chief Engineer,
Bridges, Bethlehem Steel Corporation, who will take charge from this point
on.
Remarks by Moderator,
J. L. Durkee, Vice Chairman
Column Research Council
We are glad to have this opportunity to have a little feedback from
designing engineers and from an educator on the subject of specifications.
We began this pleasant custom at last year's CRC annual meeting where we
had a panel of engineers from New York consulting offices talk to us on
what they thought of the column design provisions of the AISC Specifications,
and we ended up with a transcript in the 1969 Proceedings of the Council.
So, we thought we would continue to have a more general discussion here of
the stability provisions of the new 1969 AISC Specifications. We have here
a panel of three engineers. We are going to have 15 or 20 minutes of re-
marks from each of the panelists. It is our intention to have this com-
pletely informal. After their remarks we will have a short break and then
proceed with some questioning. So without further delay we will hear first
a viewpoint of the, you might say, professional group, where the students
start their contact with the AISC stability provisions. We will hear from
Professor Bill Andrews of the University of Missouri at Rolla.
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I would like to address my remarks to this topic from the standpoint
of a structural engineer practising his profession by preparing y~ung men to
enter in. My main interest in teaching has always been design or1ented.
Therefore my opening thesis is that a discussion of "practical usage of sta-
bility provisions" should chronologically begin with the class room.
If we think back to the 1963 AISC Specifications as a vehicle in
which to discuss some of the provisions, and the time limitation here is such
that no one is able to touch on all of the provisions in even the broadest
sense, we remember with what distaste the stability provisions, such as the
beam-column equations, were received by many practising engineers. One argu-
ment was that they were too complex. I dare say that in many instances this
was rationalization of resistance to master something new in a work day al-
ready crammed full with just getting the job done.
Ignoring such important areas as plate girders, basically we
had, and do have, three areas to look at: beam, column, and beam-column -
and of course we have to be concerned with primary and secondary stability
requirements. In trying to think back to the 1963 AISC Specs., I have the
feeling that resistance to local stability requirements was far less - but
that may have been due to traditionally less understanding of the topic plus
the many tables in the 6th edition of the Manual which already had eliminated
much of the need to worry about the topic.
The prime stumbling blocks were: For beams the old Formulas 4 and 5
which have been replaced by 1.5a 6a/b and 1.5-7; for beam-columns the old
Formula 7a, now replaced by 1.6-la.
The width-thickness ratios of the Section 1.9, written in very simple
and concise language, whether understood rationally or not, seem not to have
been troublesome. The basic axially loaded column formulas, 1 and 2, which
are now 1.5-1 and 1.5-2, did not seem to be an object of argument _ but of
Course tables in the handbook eliminated the busy work of calculating those
formulas: ~a~y p~obablY felt something of a shock when they saw the "Side-
sway Un-1nh1b1ted Nomograph and realized that the effective length of a
column might exceed its actual height.
graduate student. In a course
text the book "Structural
vast majority of colleges,
(1)
divide
My own viewpoint I will dispose of right now. Since the provisions
on stability in the areas I am discussing more reasonably approximate the
truth as we know it, I feel that 1963 and 1969 represented major steps for-
ward by AlSe. So, what I am talking about now is how to indoctrinate the
new generation. the strategy for acceptance, plus the constant hammering
home of the theme that provisions will change as more is learned.
Our students, probably typical of the
into three groups.
At the upper end we have the advanced
called CE 426 we study carefully as a
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Members and Frames" by Dr. Ted Galambos. This text presents a study
of what we are discussing in a most orderly manner. In Chapter I
we learned about residual stresses, in Chapter 2 we see developed
the basic differential equations of the deformed structure under moments
and thrusts. In Chapter 3 we look theoretically at the beam and its
problem of lateral stability (utilizing Chapter 2 results as is done
throughout the text). At the end of.this study we compare to the AISC
formulas, and accepting the AISC simplifications is no problem. In
Chapter 4 we can take the Chapter 2 formulas and apply them in appro-
priate manner to study a column buckling flexurally, torsionally, and
in some cases a combination of both. We get into frame3 and a deri-
vation of the approximate formulas from which the "sides\o~ay uninhibited"
nomograph is derived.
At this point we can now take off in a study of inelastic behavior by
looking at the reduced modulus (or double modulus if you prefer) theory,
the tangent modulus theory of column behavior, and finally at the
Shanley model which was so important to us in our arriving at column
design formulas in AISC based on the tangent modulus theory. If some
of the audience has not looked into this Shanley model, Shanley was
the man in 1947 to demonstrate that a column under axial load can still
increase its load in the process of flexural buckling. This meant that
the reduced modulus was an upper bound never reached in the inelastic
range, and the tangent modulus was a lower bound that would be exceeded-
hence a reasonable conservative theory to utilize as a basis for design.
Since a stub coupon test of structural steel rarely, if ever, results in
a P.L. falling below half of the yield strength determined by the 0.2%
offset method, it is an easy selling job to the class to accept Bleich's
idea of a basic column strength curve whith consists of Euler buckling
for long lengths, and then at a critical -, or "c " as AISC calls it,
where residual stresses are assumed to sh5w theirceffect at a stress
half that of the yield strength, to cap the curve with a parabola that
comes in tangent to the Euler curve and flattens out at yield .. Since
F.S. is whatever someone decides arbitrarily, which may b£ varying, con-
stant, or whatever the specifying agency wants, it presents n0 selling
problem.
AISI is obviously more concerned about torsional buckling, and I honestly
do not know if AISC should make mention of it with, say, an Appendix D
perhaps or just forget it.
In Chapter 5 we get into beam-columns; and, by the time we are well in,
such items as "C
m
", "amplification factors" are no longer mysteries.
In fact many of the students will have been through the derivation of
amplification factors on simply supported beam-columns in another course.
r will not dwell further on the book here, but the important thing is
that with a group of graduate students of sufficient maturity and so-
phistication there are no stumbling blocks to selling many of our present
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plifications of what are often very complex
readily acceptable with sufficient study by
(2) We have an intermediate course in steel, and rcini\.Jrc~J concrete,
called CE327, which is for advanced undergraduate students, and
graduate students. Each student must have had a first course in
steel and in reinforced concrete. Althoubh some additional theory
is ta~ght the prime aim of the course is to tie loose ends together
and do so~e relatively simple designs. r~ own experience is that if
you can get over the combined stress stability equation,
f C f b~ + _m_---.,-Fa f-~)FF' b
e
< 1 ,
you have unlocked the door to getting accepted other,~ ~ntirell
unrelated, stability provisions in at least a qualitative sense. In
this course probably no student has taken the one discussed before,
although some of the graduate students will possibly have derived,
amplification factors for the simply supported beam-column. gua~
tative1y we discuss the tangent modulus concept and then the ampli-
fication factors. The advanced undergraduates seem to be quite re-
ceptive on this. The lie " presents more difficulty probably, although
not unsurmountable in th~ qualitative to the preceding course, is a
"demonstration" procedure with several examples. One migh t be as d
follows: assume a coluum hinged at one end, a moment at the other, an
no sidesway. Think of C as the factor which converts the given column
with 0 and MZ moments in~o one that has equal, smaller moment at each
end. This purpose is to approximate a column with the same strength
as the original one and thereby not over-estimate the effect of ec-
centricity by just saying C = 1. We look at Section 1.6 starting on
page,S - 130 of the currentmCommentary, and then we proceed to apply
the Lnteraction formulas just the way AISC says.
Having done this we ask ourselves, "What if we had never heard
values" - or even amplification factors if you wish. Then how
we apply the long honored basic interaction equation
f "e -o m
could
in a logical manner?
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We then proceed in some manner such as elastic weights to find, say,
the maximum deflection due to
p. 0 is added to whatever
max
on the column and we see what
gives. When we find that a few logical examples like this "demonstrate"
answers that are usually within only a few percent of what we get by
following AISC then resistance to such stability equations disappears.
It seems to me that, except for the fact that they have more experience,
maturity and obvious know-how professionally, the vast majority of
practising designers are at this semi-advanced theoretical stage. I
beli~ve that organizations like AISC would do well to increase their
own image by providing not only examples that tell designers how to
proceed with, say, a stability formula as a tool - which it has done
in seminars across the country to its credit - but to recognize that a
small publication which compares simple little logical presentations
as I have just described would do wonders towards acceptance and under-
standing. Most of us are not prepared to run full tilt at a battery
of differential equations - but that surely does not rule out "demon-
strations" in lieu of "proofs" or "derivations".
(3) At the least stage of maturity we have the undergraduate in his junior
or senior year taking his first course in structural steel analysis
and design. In all probability he has had only one course in inde-
terminate structures, as well as the traditional courses in statics,
dynamics, and strength of materials. How to approach him? He must
have some background theory and yet he must be something of a market-
able product on graduation. We hammer into him that in 4 or 5 years
he will not learn everything that he needs for the next 40 or 50 and
he must accept continuing education as part of his professional re-
sponsibility. I think it is now obvious that we have to cover so much
ground that we talk qualitatively about tangent modulus, C , stability
in general, and so on. We perform the operations indicate~ by the
specifications. We do work one example of the sort I described before,
but time limitation demands we go on. Thus, the outstanding students
get the point, the better ones have some grasp, and the mediocre ones
probably just plain miss it entirely. Yet some good has been achieved.
Such a course is never a technician course in the sense of blindly
following a code. The code is merely a viable method to acquaint the
student with facts of design life, to be superimposed upon an under-
standing of strength of materials. Any specification or specifications
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could be used' the tonnage utilized in conjunction with AISC makes
that specific~tion a logical complement to the course. Those stu-
dents who intend to become structural engineers naturally go on to
our next course; in any event even the most mediocre student comes
out of this first course with a vastly improved understanding of
strength of materials, and analysis of structural behavior.
In summing up Mr. Chairman the practical usage of stability pro-
visions starts in th~ classroom. !here is as much difference in experience
and knowledge of engineering teachers as there is among practitioners.
Organizations like AISC could play an even more significant role than they
. d ~tdo now; I am not suggesting that they tell the instructors how to an w on
to teach. But I am saying that they can guide the very important directi
of having what they feel are very fundamental essentials taught by making
available helpful little publications tackling problems like I suggested -
available to all the structural engineering profession, similar to the
Lincoln Arc design examples that we all used to get, perhaps, as far as
format and intent is concerned.
I believe that the CRC and AISC stability criteria are really good,
but the subject has not been completely exhausted; we need more. As an example,
is it- really necessary that every conceivable steel column with bending in
building construction, be designed by one formula? If so, then the AISC beam-
colunm criterion is good, even though it antagonizes the public because of its
complexity. In some cases it is not only complex but dishonestly conservative.
When AISC code and city ordinance dictate the design of jumbo columns, with
controlled drift less than rolling tolerance for a K-factor of 2 and C of
, 'm
.85, then one does not have sleepless nights unless it is from intellectual
nausea.
I had planned to show three slides of a job we have been laboring on
for the past few months, and ask a few questions. These questions are about
re-occurring problems that eRe and AISe seem to leave to poor engineering
judgment. I~ they are covered the provisions are somewhat obscure.
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Slide one shows a typical floor plan of a 32 story tower-like office
building now under construction. The building is roughly 3 bays wide of 40',
29'and 40', and 7 bays each 20' long, and 433 feet high. The height to
width ratios are about 3 to 1 and 4 to 1. The lateral forces are taken by
unbraced frames around the perimeter of the building, and also on the two
centermost bents 4 & 5 across the narrow width. The two center unbraced
frames also have full height vertical trusses, and hat trusses at the roof.
All beam-to-column connections, columns, and truss members are field welded
for continuity, except the 4 corner columns about their weak axis. Only 4
of 32 columns in the structure provide lateral stability in both directions,
and they are box sections.
One might say the two center frames with both continuous connections
and vertical and hat trusses are partially braced frames, However, having
the same drift configuration and amplified P-~-moments as the unbraced frames
the question does not seem to be relevant, as it is doubtful that the columns
are animate enough to know whether they are braced or unbraced.
It should be noted that each laterally strong frame in the structure
has to support an adjacent and parallel unsupported bent with simple beam-
to-column connections. I call these simple 430' long unsupported members
beautiful columns; they are of most efficient 50 ksi steel, and one does not
have to visit the make-believe world of imaginary column lengths and C -
factors to proportion them. They do have the same P-6-moments as do tNe
adjacent columns in unbraced frames.
Slide two shows a conventional unbraced frame along the front or
along the side of the building. The structure is symmetrical about both
axes, almost. In this case, three wind girders in one direction and four
in the ~ther at the bottom of the building were left out, for the purpose
of a recessed entrance.
Slide three shows an elevation of one end frame and one of the :inter-
mediate partially braced frames connected in series for purposes of drift
analysis.
The effect.s of the two hat trusses were interesting to me. They re-
duced the K-factor of the structure by causing a point of counterflexure
at about the 18th floor.
It may interest some of you that these two frames in series have over
600 joints and many members. A first order ICES-STRUDL/STRESS analysis for
vertical and lateral loads; providing moments, shears and deflections at
every joint, takes about eight minutes computer time at the local McDonnell-
Douglas Automation Center. The cost for re-runs is rather nominal and less
than the mill price of one ton of steel. Considerable fine tuning seems
appropriate for a 5000 ton structure such as this.
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for the general discussion period are these:My questions
What is a braced frame?
What is an unbraced frame?h P-~-effect of simply supported columns
What should one do about t e , b ced frames?
that must be laterally supported by adJac~n~orr~eam-columns that are
Should a K-factor greater than one be use
governed by a controlled drift?
What should the drift limit be, and why? . construction?
Don't we need stability criteria for compus~te
J. L. Durkee:
. to look after the erection character-I guess your problem here 1.S
f t 1.'n performing this analysis.istics, the erection sa ety aspec s
N. Jay Law:
No My company and AFeO have a joint venture contract to design,
. b 'ldi Ourfabricate and erect the structural steel frame for this U1. ng.
work is subject to the approval of the ownerS consulting engineers.
F. R. Khan, Skidmore, Owings &Merrill
Since this discussion is on a very informal basis, I will first
discuss some of the points that come up regularly in our practice and
raise some questions, and then show slides to illustrate the points in
actual buildings. Obviously 1 must limit this to the kinds of buildings
we design, and I am sure that there are many other questions that other
engineers could raise.
The new Code is written in a form that requires the use of com-
puters, One of the items that makes me very happy in the 1969 AISC Code
is the elimination of the sudden discontinuity between the compact section
and the non-compact section. If you are designing a compression member
and you are using .66Fy and suddenly you find out that your section does not
make a classified compact section by one or two decimals ti.le computer pro-
grams automatically use .6Fy and this is really very unr~asonable because
the materials never behave that way. There is obviously a transition be-
tween whatever we call compact and whatever we call non-compact. 'Ihis
can be resolved by introducing what is referred to as "not so compact:".
The new Code very helpfully has resolved that problem, adding obviously a
new interesting equation which is no more of a burden if computers are used.
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Unfortunately, in one area a certain transitional discontinuity
still exists, and I wonder whether the committee considered it or, for
a very good reason did not want to to anything about it. If we look
at the equation where the distinction is made between the case where
fa/Fa is less than or more than .15, we have again a very interesting
situation. Again, we know very well that in reality continuity exists.
This is more relevant because we have the capability in the variations.
I do not see why we should not have a case in between, for example, .15
and .35. Anyhow, there should be some rational approach to the limiting
number .15.
I would now like to show you some of the slides and raise some
pertinent questions related to actual buildings because there again the
Specification obviously cannot be expected to cover all different usage
in actual structures. But to us, we do have dilemmas and therefore we
do have to have answers. What happens when the situation is not exactly
as specified but something slightly different? Although one could say
that the whole Code is a matter of interpretation, after all, it is not
very scientific. Maybe you can interpret the way you think except that
it may not be acceptable by, let's say, a State code authority or a
building department official. One of the items that often comes up is
the foundation situation. The base plate and the column detail is gen-
erally such that unless the wind stresses are extremely high, the axial
stress piA is considerably more than the bending stress under the base
plate. In most cases, one does not really have to have anchor bolts for
tQe stability of a completed tall building. You do not need an anchor
bolt to develop full continuity or full rigidity at the base because
tension seldom develops at the other end of the base plate. Therefore,
in most cases the column base is fixed unless the foundation itself is
sitting on some soft material that rocks every time there is a tendency
to rotate.
First Slide: (Figure 1) Here is a point. Many of you who have
been in Chicago have seen the Inland Steel Building. Here is a building
where the column is completely outside the basic spandrel detail. The
spandrel goes about two feet behind it and therefore the stiffness of the
spandrel cannot be considered directly in the calculation of the K-factor.
The nominal ~ Kg would not be a direct measure of the stiffness of this
spandrel because the beam interacts with the column through a torsional
relationship and the spandrel, even if it does attach itself closely to
the column, has a reduced effective stiffness because of the torsional
loss. Quite often in similar cases engineers may overlook this reduction.
All of the formulas in the Specification are on the basis of strictly in-
plane connections between columns and spandrels. If they are in any way
eccentric or out of plane, certain modifications must be made. These are
very practical day-to-day problems that we face.
Here is another point. (Figure 2) In the Chicago Civic Center as
we go up from ground level we have two kinds of bracing systems, one with
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F. R. Khan, Cont'd
the vertical shear truss which immediately is defined as a laterally re-
strained framing up to a certain height and then the remaining height con-
sists of only beam-column framing. By definition, this building falls
into one category to a certain height and another category for the re-
maining portion. Obviously, one must watch out particularly if an auto-
mated computer design technique is applied.
Many buildings where the steel structure design is on the basis
of hung-on curtain wall system, the engineer has no problem in deciding
what the K-factor is. In many recent buildings the steel columns and
spandrels have been completely encased for special architectural cladding
as shown in Figures 3 and 4. Now this obviously increases the actual
stiffness of the beams perhaps much more than the columns. Also, if
fireproofing is done by concrete encasement there must be some bonus in
stiffness. This is also true for buildings with precast concrete encase-
ment of exterior columns. In the Chicago Civic Center, the spandrel truss
is completely encased in concrete for architectural cladding detail. Al-
though the spandrel encasement quite often is counted for the building drift
computation, it is generally not counted for strength. In such cases, from
a rational point one should take advantage of the increase in stiffness for
computing the K-factor.
The question comes as to how we really classify the restraint and
the non-restraint frame. Two cases are in point. First, if we have a
closely spaced column system such as the framed tube system (Figure 5),
the effect of the closely spaced grid walls could be considered restraining.
After all, there are enough restraining elements in these exterior walls
simulating vertical truss behavior. Therefore, there are always two paral-
lel walls in the two directions which restrain all other columns against
instability.
There is another item that the Code glances over rather lightly in
the Commentary. The design force required to restrain a column is covered
by a very quick statement that 2% of the load would be considered quite
adequate. But the Code says very little about it. This matter becomes
particularly important with the recent rigid box type frames such as were
used for the John Hancock Center in Chicago. In this building, the interior
beams at the exterior column were occasionally eliminated for structural and
architectural reasons. Some columns went up without any beam coming to it.
Therefore, special details had to be developed within the slab that would
provide required lateral restraint. Since this is bound to happen more and
more with new tube type structural systems, there should be a stronger state-
ment to that effect in the Code.
Another question comes up in terms of the buckling mode when a build-
ing with a closely spaced column system is built. If the construction is
traditional with field connection of beams at the columns, the K-factor can
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with arms sticking out and these arms are simply joined by bolting (pin
connection) because in terms of wind load the moment of inertia is still
fully effective. But such connection changes the mode of buckling to as
shown in Figure 6. In such a case, the K-factor may be unconservative
and therefore should be modified.
Another case in tall buildings is the effect of vertical movement
due to temperature. In a tall building, temperature movement is a unique
situation where the exterior columns suffer no distortion, but is subjected
to a constant moment. In the Specifications the term Cm was specifically
included to account for the distortion that comes with the moment. But
here is a case where there is moment but no distortion. Should such a com-
pression member be penalized?
Finally, the thing that concerns me very much is that recent tests
have indicated that the strength of the built-up box sections and the H-
sections are as much as 30% less than the rolled sections. I would say
that 70% to 80% of the columns, and particularly the columns in the lower
stories of a tall building, are almost always built-up sections. As a
structural engineer, 30% discrepancy is not something to be over-looked.
The AISC Code must therefore clarify this disparity and propose different
design allowable stresses for built-up sections, if necessary.
J. L. Durkee:
I would like to ask Dr. Khan for some further comments about his
viewpoint on the AISC column formula and in particular on the K-factor.
F. R. Khan:
Well, as I was just saying, the K-factor is a rational approach to
recognize the problem of effective length variation to the different con-
ditions, eccentricity due to additional sway-effect, due to restraining
effect. The real problem that comes up, and I think the Council probably
has considered it quite in depth, is the determination of the K-factors too
complicated in terms of the over-refined or are they reasonable. I think
in some way there is so much choice left right now that many engineers
without going into the entire report of the CRC could in fact make some
wrong choice and I think the new Code in fact points that to use it in-
dependently to understand the K-factor one really has to read the eRC re-
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G. Haaijer, U. S. Steel Applied Research Laboratory
Dr. Khan showed interesting advances in the design of building
structures and the trend in architectural design towards exposing the
structure of buildings. The examples shown indicate that current build-
ing code requirements regarding fire proofing make this a difficult
task. The details of the Chicago Civic Center indicate that the exposed
steel spandrels actually are steel skins covering the fire-proofing ma-
terials, which in turn protect the spandrel beams. I believe that real
progress can be made if fire exposure is considered in the design as a
loading condition in addition to conventional loads such as caused by
wind and gravity. At our Applied Research Laboratory we have been work-
ing on the development of such a design approach. As a result, the new
U. S. Steel Building being constructed in New York City has exposed struc-
tural spandrel girders. Fire protection is provided by flame shields
around and projecting from the bottom flanges of the girders. These flame
shields prevent flames from impinging the exposed webs of the girders.
The performance of this system was verified by the results of fire tests
conducted at the American Bridge plant of U. S. Steel in Trenton, New
Jersey and at the Underwriters' Laboratory in Chicago t Illinois.
I should like to ask Dr. Khan for comments on this type of design
approach, in which fire is considered as just another loading condition.
F. R. Khan:
Well, fire is a subject by itself. It is probably far beyond the
CRC role but question one is what is fire load? People still have not
decided what it iS t and as long as we stick to the ASTM standard of fire
rating, it seems almost impossible to duplicate it in real life. Consider-
ing codes as they are, it is not so easy to change, because nobody wants
to take the risk on the possibility of exposure to fire. The question
about exposing the structure is not really that simple. On one side one
cannot get rid of the fireproofing as has been done in U. S. Steel building
in New York. The question of fireproofing elimination in the columns can-
not be resolved at all except by putting the coolant in the columns them-
selves. As you know the U. S. Steel Building in Pittsburgh is doing that,
and it seems that the entire question of fireproofing, or fireproof elimi-
nation versus a traditional curtain wall, is not totally resolved eco-
nomically. Unfortunately it is not necessarily more economical. It is
more clearer and probably more honest expression of the total structure.
Of course as soon as we get rid of fire in tall buildings, the ones we are
involved in day to day, you get into a serious problem of temperature move-
ment. Fireproofing also acts as a nice insulation that for a 60 story
building, suddenly you get into fireproofing from outside when the temper-
ature drops down--like in the Chicago area or in Canada, say; it could
happen that the temperature drops to -lOaF. This drop could easily amount
to two or three inches in a 60 story building, and crack up every partition
that is in the vicinity. Obviously fire loading creates a lot of secondary
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problems, but the elimination of the present fireproofing is not neces-
sarily an immediate economic panacea in terms of building a tall build-
ing. In terms of building an average building, like a 20 to 30 story
building I would say it probably would really reduce the overall cost in
terms of not having a problem with the partitions.
We are looking very seriously at one of the buildings where we
could really express the entire column and entire spandrel without fire-
proofing but it is at such an early stage in discussion with all the
specialists that I cannot even comment on it.
R. M. Hains, Washington University
As far as I am concerned, the AISC Code and other Codes are devised
for getting the first cut at a design so that I can then proceed with half
a dozen other things that I need to look into for my purposes. I am con-
cerned with differential settlement of foundation, with wind sway, with
vibration, response to earthquakes, this kind of thing, for which the AISC
Code is only the starting place. Now either, from what I hear today, the
attempt is being made to make the Code not the first cut but the last cut,
or it seems to me that we are making that first cut too complicated. Now
which is it? Is it an attempt to make it the last cut instead of the
first cut?
.
W. A. Milek, Jr., American Institute of Steel Construction
In the sense that AISC Code eventually finds its way into building
codes and at that stage takes on a legal significance, in many cases, it
is the last cut--the final rule. In other cases it must be recognized
that we do not and cannot provide specific rules in the specification for
every case and it must be considered a starting point--a guide for many
of the special cases. .
There are many areas on which the code is silent.
F. R. Khan:
d I hthink, from a practicing engineer's point of view we look at theco e as t e lower bo nd f 11 i '
b d i1 U 0 a s tuations. That means from that loweroun we w 1 make if e
creates a Situation wh~r~essary, other considerations. But when the code
things not r it is obviously considering or making certain
would like tepresientative of the true Situation, that is when I think I
o ra se questions Th i
are more in that di e ti • e quest ons that I was trying to raiser c on.
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Dr. Khan, I think you raised a very important question in your
closing comments both to CRC and AISC. That is the possibility of having
more than one column curve. Earlier today we had the suggestion that we
might have three column curves for three different classes of columns.
Now what is each of your opinions as to the general acceptability of having
more than one column curve?
F. R. Khan:
I think there are two aspects. Let's face it: If you asked twenty
years back what is the acceptability without the computer the answer would
be simply "forget it, we are not going to use it". But today with computers
it is not a problem. I think the real question here we are raising is that
if we have a code that is aware that certain columns at 30% weaker and still
being allowed to be used in competition, so to say, with rolled sections, I
think itis unfair--it is in fact reducing the factor of safety of the fab-
ricated columns. At the same time if we compromised half way--say,lS% and
to have then an average formula it would make all rolled sections slightly
overdesigned and the plate sections slightly underdesigned. That is also
not very satisfactory because as much as 15% variation in the allowable stress
could very well in a tall or in a major building result in hundreds of
thousands of dollars difference in the total cost. When we are talking of
a real competitive and realistic design it seems to me that at least two sets
of formulas or design criteria should be established so that when one has the
choice between using a rolled 14 wide flange 730, he knows that there is a
distinct advantage in using a rolled section, not only for the pricing of it
but also that it in fact allows a certain higher allowable stress. I think
that from an honest approach to total strength of the building as much as
all of us here are concerned, we certainly do not want to see two kinds of
buildings having two kinds of factor of safety.
w. A. Andrews:
One comment I might make is that the answer to Bob's comment, and I
think perhaps Bill Mi1ek said it in a different way, but I would say, in
some cases the AISC is a final cut because there are many buildings which
are small buildings, small in the terms of one and two and three stories,
not but what you may not have to consider other factors such as you men-
tioned. Yet it is nowhere near as complex as the type of structures that
Dr. Khan has been showing us up here where obviously it is an initial cut.
One can only think of the derivation of the K-factor from a subassemblage
and begin to wonder about what happens to the structure as a unit when the
structure is a multistory building, a factor which I am sure Dr. Galambos
has been looking into with some of his graduate students.
-49-
Panel Discussion
W. A. Milek, Jr.
d t t . s that theI would like to make one additional remark an tla 1
s ecification should not, and I do not think any real engineer would want
i~ to take the place of good engineering judgement. You.cannot promulgate
a specification so complicated that it provides a specific rule for every
case and still have it workable.
The engineer has to apply his own judgement and abilities as he
works with the specification and not rely on it for all of the factors
involved. But on the other hand it does become incorporated into build-
ing codes and then it is the law'of the land which tends to limit the
engineer's freedom to exercise his judgement to the maximum.
W. A. Andrews
One of the things that you have to convince the student of and shoW
him is the fact that all initiative has not been taken away from him. He
is worried right from the time he is still a chicken before he is hatched,
and you are ready to take him on in your firms. You have got to conv~nce
him that not everything has been done in the world and that the code 1S
not going to bind his initiative.
John Springfield, C. D. Carruthers &Wallace
I would like to reinforce Mr. Milek's statement that the code should
remain silent on some points. The drift limitation is a very good point.
If the code does say anything it should state what characteristics the drift
limitation will affect and leave it to the judgement of the engineer to set
this drift limitation because the effects of drift, particularly as far as
tolerable acceleration in the upper stories of tall buildings is concerned,
are by no means settled.
The question that I wanted to put to the panel, and r thought of this
question several days ago, I now find that two members of the panel were
asking themselves and a number of the audience are also asking this question.
Given a building which is already built, (so I am not talking about
design.as much ~s justifying the capacity or rating a building), the con-
struct10n of Wh1Ch ~n one direction is of mixed framing, some rigidly framed
columns, some non-r1gidly framed columns but no bracing how would they rate
this building? This type of problem is beyond the rang~ of the code, as the
code only talks about effective lengths for individual columns. How would
the panel set about determining the overall capacity of that building against




First of all, I think that one statement made, and I was trying
to think about how to say it, and that is obviously the code cannot say
something that it does not reasonably know about. Therefore we cannot
expect the code to answer substitute for all the judgments that go in
our designs. The primary function of the code is to be sure that a min-
imum level of safety is achieved by the time you are finished with the
design. In fact it is the check and balance of the competitive side of
practicing engineering that makes economy. You can not cut down the
cost of a building by chiseling the column. You have to do it finding
out new systems and sub-systems or whatever it is. As far as the
questions like the buckling of the total structure of a high building,
most buildings, if analyzed, would show that local buckling controls.
However, when the building is very narrow and there are only two columns
like the first building I showed, total building buckling may control.
Our experience from most three, four or five bay buildings is that the
local column buckling controls the design rather than the entire building
as a unit.
W. A. Milek, Jr.:
It is really for design, fabrication and erection as of buildings,
as stated by the title. In the bridge field, of course, the rating of
structures is much more of a problem. Most codes or specifications cover
design aspects with explicit provisions but never thought of rating a
building under AISC Specifications until Mr. Springfield mentioned it
just now.
Sterling Snyder, Consulting Engineer, St. Louis
I am not sure that I am really prepared to really phrase the two
questions which I have in mind, but I will try to ask them anyway. The
first has to do with the possibility of AISC isolating the question of
multistory buildings. Certainly the important problems here are quite
different from the design of individual members in small buildings and
so forth, considering the effects of temperature and the effects of sway
and things of this sort, as well as the overall stability of the building.
Would it be possible for AISC to set about the task of writing a separate
specification Simply on high-rise buildings?
The second question has to do with the problem of stability. I
have always been bothered by K-factors, and if somebody comes to me and
says: This column or this compressive member is going to deflect a certain
amount after you apply this axial load and with a combined moment or what-
ever, and that deflection is going to cause a secondary moment and so on,
convergence or some stable condition, I can see this. I am now speaking




a reasonable amount of confidence in what he is coming up wi til. I f you say
that this thing deflects a certain amount ultimately, and the final stress,
the effect of the axial load and the eccentricity plus whatever moment you
have on it and so forth; well, it means something. If the axial load is
such that it is near instability, it has a physical meaning to mc. The sa~
question on the overall stability of a building: If you get drift at each
floor, and this causes moments, and they in turn cause horizontal forces
at each floor; AISC will simply give us some way of evaluating the ultimate
deflection of the structure, and say that the final stresses are the result
of actual loads and deflections. I do not intend to oversimplify this or
to suggest that it can be oversimplified, but finally to get around to my
question, is there any possibility that the information and the data that
are given to the engineers that are working with these problems can be put
in the form of deflections, that is, ultimate deflections of members or
total buildings, rather than in terms of K-factors?
w. A. Milek, Jr.:
, I would like to say first that I carne here tonight with the intent
of s~tting and listening and trying to learn and get some suggestions as
to where we should go in the future. I did not really plan on taking a
~rimary part in answering questions, but I think it is a possibility. It
~s a new thought and would certainly take a considerable amount of thought
as to how this could be handled. How can one define what is a tall build-
ing and what is not a tall building?
There are many questions similar to this one: What is a primary
member? What is a secondary member? That has been with us for many years,
and has ~ever yet been answered. I think on that question about all I can~~y ~s, ~~ is a,possibility, but AISC certainly has not given consideration
t fhlilow~ng th~s course. I do not know what more can be said on the pointa t s stage.
The second question was relative to thed h question of the K-factor,an wether there is an acceptable alternative
cept. to the effective length con-
His point being as I d t d h
effective length makin ~ e~s 00 t e question, that the concept of
factors involved ma : use ate nomograph as a design aid with the many
is really going on y ~tr~ well cause the engineer to lose sight of what
engineer to have a'feel fS c~~tainlY very desirable in any design for the
many times tends to conce~I th: problem. The criticism that the K-factor
Task Group 4 is addressing itsel~e~anics of what is actually happening.
a great deal of criticism of th the problem now. We have heard
has been criticized as providine eff~ctive length concept. The nomograph
provide a truly realistic answe~ anh~nexact Solution, that it does not
, t at it is applicable only in the elastiC
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range whereas columns do become inelastic as ultimate load is approached.
There are some imitations which must be recognized. I have not yet heard
a simpler more workable procedure. There are other suggested methods, such
as second order analysis. I think that the intent of the AISC Specifications
Committee is that stability should be taken into account in some rational
manner, the specific wording of Section 1.8 which requires the use of the
effective length concept notwithstanding. I believe that certainly a ration-
al second order analysis, taking P-~ and all of the other aspects into account
would be perfectly valid. AISC would endorse such a procedure, but I do not,
at this stage, feel that this is going to reduce the design engineer's work.
It is not going to lead to a simpler procedure. Therefore, for the moment,
I think we had best stay with the effective length concept until we have con-
fidence in an alternate procedure. Once a workable alternate procedure in
which we have confidence is developed, I am sure it will be adopted.
J. L. Durkee:
I might emphasize here, as you state, Bill, that Task Group 4 of the
Column Research Council is addressing itself to the question of effective
column length and frame stability, and therefore it is a subject that is
very much on our docket just now.
B. G. Johnston:
Without speaking about the nomogram I would just like to say a word
about the K-factor. The column formula in the AISC Specification, and in
other specifications, for that matter, simply determine an allowable stress
for an axially loaded pinned end column. There is no such thing in real
life. The K-factor is simply a device to go from the real life beam, plate,
column, or what have you, with a nomograph or some other device, into this
table of allowable stresses and get a reasonable equivalent allowable stress
from that table for the real life situation. If you look at it in this
way it is a concept that is understandable and very important.
L. W. Lu, Lehigh University
I have been suggesting to Task Group 4 to consider the frame insta-
bility effect by directly calculating the P-~-moment in each story. Theo-
retically speaking this would be a more rational method. However, I expect
that in order to d~ this we would need more sophisticated computer programs.
I wonder if you would be willing to consider more complicated design process
which might cost you more money. Of course, in doing so, you will get the
complete information about the behavior of the structures you are designing.
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to make one brief comment and would like to calIon
I would likel this I think there is danger in assumingBill Andrews to fo low up on •
that control of deflections or drift due to lateral load to Some buckl-
arbitrarily establ~shed limit provides stability against side-sway
ing under gravity loads. This is the problem.
F. R. Khan:
Yes if you look at the AISC code you will have to accept that they
are also g~tting very computerized, so you do not have much choice cha~~ing
material. I think in some way we probably have to accept the role of e k
code as it should be. A code is, after all, never going to be the textboo ,
and never going to be the method of analysis. The code is at best used
simply to define the lower bounds, and it is really very difficult for a
code body to give methods of analysis. It is very difficult to relate
things because when we really get into the analysis of the building, and
go int~ the rather sophisticated techniques of getting the sway and the
deflections and the overall buckling, it is a tremendous amount of additional
work I think it would be unfair to expect the code to set it up. I do not
know whether the code parties in fact would agree with me, but I think I ld
would not look for that kind of an answer from the code. I think there wou
be books, there would be papers, there would be research work, and maybe every
few years certain things would be known, and then it will appear in the code.
W. A. Andrews:
I would like to make two comments to pursue my desire for some sort
of "demonstrations". For example, this K-flbusiness", perhaps this is a
little bit higher matter, but admittedly one could take the academic chicken
coop (you know the two vertical columns and the horizontal girder) rigid
frame and put the two loads, one on each column, and derive elastically the
so-called buckling load of the frame as a unit. Then it so happens, say it
is pin connected at the base, you would take the nomograph and you would
get exactly the same answer. You would be surprised how many graduate
students suddenly become convinced that the nomograph has a physical re-
lationship with that very simple example. Now that example is a little
more sophisticated than the one I stated a little before, in that at least
the student must be able to solve an ordinary differential equation, but it
does convince him that there is something to the nomograph. Now, again I
say it is in the elastic range, and it is a complete frame in itself. It
is not a subassemblage taken out of a mUltistory building, but at least it
is a start toward SOme partial acceptance. Secondly, obViously everything
is not yet computer~zed. There are firms which are going to deal in one way
or another with the problem using other means than the computer, and, for
example, looking at the February 1970 Civil Engineering Magazine, page 63,
Allen J. HUSchizer, structural engineer of United Engineers and Constructors,
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Inc., Philadelphia, Pa., has formulas 1.5-6a plotted for 36 ksi, 42 ksi,
formula 1.5-6a for 50, and another graph, I believe, 1.5-6b for 36, 42
and 50. People are going to adopt their own tools, or else AISC will give
them these tools in the Manual, the 7th Edition, when it comes out. It is
not all going to be on com~uter, obviously, at least not yet. I think
something like this belongs in the code.
K. P. Buchert, University of Missouri at Columbia
I would like to see a little different approach taken to teaching
steel design. In general, I would like to agree with Bruce Johnston. At
Hissouri we used to teaca tne spedfjcation and teach substitution in the
specification and so forth. We gave C:ICit up years ago. We try to tell
the students now what is behind the specification. In Missouri there are
Some 60 institutions teaching some phase of engineering and the kind of
engineers we are trying to turn out at Missouri are the kinds of engineers
we think should know the differential equations and what KL is and so forth.
I think we are doing a fair job of this, and I think what I would like to
see in the commentary is a real explanation of the derivation of the
equation--a rather simple explanation, including differential equations
so that people could actually look and see physically what K is. I am not
for the nomograph and this sort of thing; I am for teaching the fundamentals.
Let the technicians learn how to substitute in the specification. The
engineer should understand what is behind it.
J. L. Durkee:
Unfortunately, time is pressing us and we must terminate this in-
teresting review. I would like to thank all of the speakers for being
with us, all the questioners who made the contributions for the audience,
and the St. Louis Engineer's Club for providing these fine facilities.
With that I will declare the meeting adjourned.
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meeting every year for the discussion of
The Council holds a d fficers and the approval of budget.
activities, election of membe~~n;~nc~ionwith the Annual Technical
The 1970 meeting was held in St. Louis, Missouri, on March 25, 1970.
Session at The Diplomat Hotel,
The minutes of the meeting are as follows~
Call to Order
The Chairman of the Council, Dr. L. S. Beedle, called the meeting
to order at 11:30 a.m. There were fifty members present.
Approval of ~~nutes
Dr. Clark moved and Mr. Dembie seconded the approval of the
of the 1969 meeting (April 2, 1969, at New York University,
New York City) as printed in the CRG 1969 Proceedings. The
passed.




The Chairman reported that the Nominating Committee consisted of
Mr. G. F. Fox (Chairman), Professor B. T. Yen and Professor K. P.
Buchert. The committee had nominated Professor T. V. Galambos as
new Chairman and Professor George Winter as new Vice Chairman. The
letter ballot showed a total of sixty-two replies, of which sixty-
one voted affirmatively for election of the nominated Chairman
and Vice Chairman. There were no nominations from the floor, and
the Chairman then declared Professor Galambos and Professor Winter
elect~d.
Election of Executive Committee Members
The Chairman reported that Dr. T. R. Higgins, who had been very
active on the Council over its entire life, would continue serving
on the Executive Committee as technical consultant and advisor.
The Chairman comp~imented Dr. Riggins on his achievements, and
expressed the gratltude of the entire Council for his efforts.
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The Chairman also reported that Mr. A. L Westrich had retired from
his membership on the Executive Committee and that Dr. G. Haaijer
had indicated that he would want to retire at the end of this year.
He expressed the thanks of the Council to these gentlemen for their
service.
The Nominating Committee had nominated Messrs. J. A. Gilligan,
I. Hooper, J. S.B. Iffland and W. A. Milek, Jr., as new members
of the Executive Committee. There were no nominations from the
floor, and the four nominees were unanimously elected.
Director
The Vice Chairman, Mr. J. L. Durkee, reported that he and several
of the other Executive Committee members had reviewed the work of
the Executive Committee and recognized that there was a need for
a position as Director of the Council. He quoted from the By-Laws,
which authorizes the formation of such a position. The Executive
Committee unanimously had decided to ask Dr. L. S. Beedle to take
on the assignment, and Dr. Beedle had agreed to this. Dr. Clark
moved and Mr. Rimmer seconded that Dr. L. S. Beedle be appointed
Director of CRC, and the motion passed. .
Election of Members-at-Large
Since the last Annual Meeting five persons had been nominated by
the Executive Committee for election to Members-at-Large, as follows:
Dr. Fazlur Khan, Skidmore, Owings & Merrill
Dr. Paul Marek, Lehigh University
Mr. Leslie Robertson, Skilling, Helle, Christiansen &Robertson
Dr. Wayne Teng, Consulting Engineer
Dr. N. S. Trahair, University of Sydney, Australia
In addition, Professor J. S. Ellis nominated Mr. John Springfield,
Carruthers & Wallace, Ltd., Toronto. Mr. Durkee moved and Professor
Gaylord seconded the election of all six proposed Members-at-Large,
and the assembly unanimously approved the motion.
Financial Report
The Chairman summarized the financial status of the Council, and
presented the budget proposed by the Executive Committee for the
fiscal year October 1, 1970 to September 30, 1971. He stressed
the items concerning completion of the third edition of the Guide,
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and also mentioned other important features. Professor :en moved
and Mr. Rimmer seconded approval of the budget. The mot~on passed.
Task Groups and Task Reporters
New task groups established by the Executive Committee during the
past year were:
Task Group 4, Frame Stability and Effective Column Length
Task Group 17, Stability of Shell-Like Structures
Task Group 18, Tubular Members
Task Group 19, Stiffened Plate Structures
Participating Organizations
The Chairman reported that contact had been made with the American
Petroleum Institute.
Corresponding Members
The Chairman reported that Dr. Udo Vogel had been appointed cor-
responding member from West Germany. Contact had been made with
prospective Russian members.
Participation in Technical Sessions
The Chairman reported that the Council had co-sponsored sessions
at meetings of ASCE, AWS and SESA.
Next Annual Meeting
Following a joint invitation from U. S. Steel Corporation and Alcoa,
the Executive Committee had chosen Pittsburgh, Pennsylvania, as the
place for the next Annual Meeting and Technical Session. The meeting
date will be announced later.
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Expressions of Appreciation
The Chairman expressed thanks to the National Science Foundation for
its support of the Technical Session; to the Annual Meeting partici-
pants for their interest; to the speakers for their contributions;
and to Professor Galambos and his staff at Washington University and
the CRC Secretary for work carried out in connection with the meeting.
Adjournment






PAR TIC I PAT ION I N TEe H N I CAL M E E TIN G S
During the year, the Council sponsored sessions at the following
technical meetings:
A. American Society of Civil Engineers - CRC. Joint Session
with the ASCE Structural Division, Boston, Mass., July 1970
The following papers were presented:
"Design of Tapered Beam-Columns"
G. C. Lee and R. L. Ketter, State University of New York
at Buffalo, Buffalo, New York
"Frame Stability by Matrix Methods"
A. Marcus, University of Rhode Island, Kingston, Rhode
Island, and A. Chajes, University of Massachusetts, Am-
herst, Massachusetts
"Thin Aluminum Shear Webs"
M. L. Sharp and J. W. Clark, Alcoa Research Laboratories,
New Kensington, Pennsylvania
"Inelastic Lateral - Torsional Buckling of Restrained Beam-
Columns"
L. C. Lim and L. W. Lu, Lehigh University, Bethlehem,
Pennsylvania
B. American Society of Civil Engineers - CRC. Joint Session
(panel discussion) titled: "Stability Problems Related to
Bridge. Design and Erection", ASeE Specialty Conference,
Columb1a, Mo., June 1970.
Panel members were:
J. L. Durkee, Chairman, Bethlehem Steel Corporation
C. Seim, Division of Bay Toll Crossings
L. G. Silano, Parsons, Brinckerhoff, Quade & Douglas
H. J. Graham, Howard, Needles, Tammen &Bergendoff
H. C. Prince, American Bridge Division, U. S. Steel Corp.
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REVISION o F THE C R C G U IDE
The CRC "Guide to Design Criteria for Metal Compression Members"
includes background information and comprehensive design provisions.
It is published as recommendations for specification - writing bodies
and designers.
The second edition of the Guide was published in 1966. The re-
vision of this edition was initiated in 1968 and is anticipated published
in 1972.
For the revision, Professor Bruce G. Johnston was again requested
to take on the job, and a contract between Professor Johnston and the
CRC was approved by the Executive Committee. In addition to CRC funds,
substantial support has been received from NSF and AISC, and the work
is now in progress in the Guide Committee and the Task Groups. The chart
on the next page shows the present status of the preparation of the third
edition.
An outline of the third edition was worked out by Professor Johnston
and the Guide Committee, and was printed in the CRC 1969 Proceedings.
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A P PEN D I X
Program of Annual Technical Session
Tuesday, March 24, 1970
8:00 a.m. - Registration
8:30 a.m. - Welcome to Meeting
T. V. Galambos, Chairman, Department of Civil and
Environmental Engineering, Washington University,
St. Louis
Introductory Remarks
L. S. Beedle, Chairman, CRC
Morning Session
TASK GROUP REPORTS
Presiding: T. V. Galambos,
Member, CRC Executive Committee
Task Group 1 - CENTRALLY LOADED COLUMNS
Chairman, J. A. Gilligan, United States Steel Corporation
Residual Stresses in Heavy Plates and Shapes
R. Bjorhovde and L. Tall, Lehigh University
Welding Parameters and Column Strength
J. Brozzetti, L. Tall and P. Marek, Lehigh University
Column Strength Philosophy
R. Bjorhovde and L. Tall, Lehigh University
Discussion
Task Group 3 - ULTIMATE STRENGTH OF COLUMNS WITH BIAXIALLY
ECCENTRIC LOAD
Chairman, J. S. Ellis, Royal Military College of Canada
Researcn on Biaxially Loaded Columns
W. F. Chen, Lehigh University
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Single-Angle Beam-Column
T. Usami, Washington University
Experimental Verification of 3-Dimensional Subassemblage Design
J. F. Lott, Royal Military College of Canada
CRC Interaction Equation for Beam-Columns in Biaxial Bending
S. U. Pillai, Royal Military College of Canada
Discussion
Task Group 4 - FRAME STABILITY AND EFFECTIVE COLUMN LENGTH
Chairman, J. S. B. Iffland, Praeger-Kavanagh-Waterbury
The Effect of Built-Up Ends on Frame Behavior
R. J. Alvarez, Hofstra University
Behavior of One-Story Assemblages
J. H. Daniels and L. W. Lu, Lehigh University
Inelastic Instability Analysis of Three-Dimensional Frames
L. W. Lu, Lehigh University
Discussion
Task Group 6 - TEST METHODS FOR COMPRESSION MEMBERS
Chairman, L. Tall, Lehigh University
Task Group 7 - TAPERED MEMBERS
(Joint Task Group with WRC)
Chairman, A. Amirikian, U. S. Naval Facilities Engineering Command
Inelastic Bucklin~ Solutions of Members and Frames by Finite
Element aethod
M. L. Morrell and G. C. Lee, State University of New York at Buffalo
Discussion'
Task Group 8 - DYNAMIC INSTABILITY
Chairman, A. R. Robinson, Univenity of Illinois
Dynamic Instability Analysis of Frameworks With Timoshenko Members
F. Y. Cheng and C. L. Smith, University of Missouri at Rolla
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A Finite Element Formulation for Dynamic Instability of Thin-
Walled Members
R. S. Barsoum, Cornell University
Discussion
Task Group 9 - CURVED COMPRESSION MEMBERS
Chairman, W. J. Austin, Rice University
In-Plane Bending and Buckling of Arches
W. J. Austin, Rice University
Finite Deflections, Buckling and Postbuckling of an Arch
G. A. Wempner, University of Alabama at Huntsville
G. E. Patrick, AMSMI-RST, Redstone Arsenal, Alabama
Out-ai-Plane Buckling of Curved Members
M. Ojalvo, Ohio State University
Buckling of Shallow Arches
E. Masur, University of Illinois at Chicago Circle
Discussion
12:30 p.m. - Lunch
1:30 p.m. - Afternoon Session
TASK GROUP REPORTS
Presiding: J. W. Clark,
Member, CRC Executive Committee
Task Group 10 - DESIGN OF LATERALLY UNSUPPORTED RESTRAINED BEAM-COLUMNS
Chairman, T. V. Galambos, Washington University
Inelastic Lateral-Torsional Buckling of Restrained Beam-Columns
L. C. Lim, Lehigh University
Discussion
Task Group 11 - EUROPEAN COLUMN STUDIES
Chairman, D. Sfintesco, CTICM, France
Vice-Chairman, W. A. Milek, Jr., AISC
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Progress Report
L. Tall an4 N. Tebedge, Lehigh University
Discussion
Task Group 12 - MECHANICAL PROPERTIES OF STEEL IN INELASTIC RANGE
Chairman, G. F. Fox, Howard, Needles, Tammen & Bergendoff
Task Group 13 - THIN-WALLED METAL CONSTRUCTION
Chairman, S. J. Errera, Cornell University
Impact Loading of Thin-Walled Beams
E. A. Zanopi and C. G. Culver, Carnegie-Mellon University
Discussion
Task Group 14 - HORIZONTALLY CURVED GIRDERS
Chairman, C. ¥. Scheffey, Federal Righway Administration
Task Group 15 - LATERALLY UNSUPPORTED BEAMS
Chairman, R. ~. Haenel, Pittsburgh Bridge & Iron Works
Inelastic Lateral Buckling of Laterally Braced Beams
A. J. Hart~nn, Marquette University
Tests on Continuous Beams with Large Unbraced Lengths
H. Costley and J. A. Yura, University of Texas at Austin
Inelastic Instability of Steel Beams
J. J. Doane and J. A. Yura, University of Texas at Austin
Discussion
Task Group 16 - PLATE GIRDERS
Chairman, B. T. Yen, Lehigh University
Ultimate Strength of Transversely Stiffened Plate Girders-
Design Formulas
A. Ostapenko, Lehigh University
Discussion
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Task Group 17 - STABILITY OF SHELL-LIKE STRUCTURES
Chairman, K. P. Buchert, University of Missouri at Columbia
Cylindrical Shell-Like Structures
A. ehajes, University of Massachusetts
~. P. Buchert, University of Missouri at Columbia
Discussion
4:45 p.m. - Adjourn
7:30 p.m. - Evening Session
Panel Discussion: THE STRUCTURAL ENGINEER LOOKS AT THE STABILITY PROVISIONS
OF THE 1969 AISC SPECIFICATIONS
Presiding: J. L. Durkee,
Vice-Chairman, CRe
Panel Members:
F. Khan, Skidmore, Owings &Merrill
N. J. Law, Mississippi Valley Structural Steel Co.
W. A. Andrews, University of Missouri at Rolla
Wednesday, March 25, 1970
9:00 a.m. - Morning Session
Presiding: L. S. Beedle,
Cha~rman, CRe
TASK GROUP REPORTS
Task Group 18 - TUBULAR MEMBERS
Executive Committee Contact Member,
J. L. Durkee, Bethlehem Steel Corporation
Stability Problems in Off-Shore Structures
Discussion
Task Group 19 - STIFFENED PLATE STRUCTURES
Executive Committee Contact Member,
G. Haaijer, United States Steel Corporation
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CRC GUIDE
Committee on the CRC Guide
Chairman, E. R. Gaylord, University of Illinois
Progress Report on the Third Edition
B. G. Johnston, University of Arizona
Discussion
TASK REPORTERS AND RESEARCH REPORTS
Task Reporter 2 - STRENGTH OF LONGITUDINALLY STIFFENED PANrJ.S
A. Ostapenko, Lehigh University
Grillages Under Normal and Axial Loading
A. Ostapenko, Lehigh University
R. P. Kerfoot, Michigan Technological University
Discussion
Task Reporter 11 - STABILITY OF ALUMINUM STRUCTURAL MEMBERS
J. W. Clark, Aluminum Company of America
Task Reporter 12 - STABILITY OF BOX GIRDERS
P. B. Cooper, Kansas State University
Stability of Continuous Crane Rail
P. Marek and J. H. Daniels, Lehigh University
Web Behavior of Concentrated Loads in Steel Beams
J. A. Yura, University of Texas at Austin
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List of Publications
The Council keeps a file of reports and publications of the
Council and of its related projects. A list of publications was. in-
cluded in the 1964 Annual Report, with addenda in the following years.
Most of the publications that are not available from publishers or
in widely distributed journals may be obtained on loan from the
Council.
A revised list of publications with abstracts is being com-
piled which will be issued separately from the Annual Report.
BOOKS
F. Bleich
BUCKLING STRENGTH OF METAL STRUCTURES, McGraw-Hill Book
Company, Inc., New York, 1952
Bruce G. Johnston, Editor
COLUMN RESEARCH COUNCIL GUIDE TO DESIGN CRITERIA FOR
METAL COMPRESSION MEMBERS, 2nd Edition, John Wiley
and Sons, New York, 1966
SYMPOSIA
Column Research Council SYMPOSIUM ON METAL COMPRESSION
MEMBERS, Reprinted from ASCE Trans. Vol. 127, Part II,
1962, and ASCE J. of the Structural Division
CRC-ASTM Symposium on TEST METHODS FOR COMPRESSION MEMBERS,
ASTM Special Technical Publication No. 419, 1967
CRC TECHNICAL MEMORANDA
(All included in GUIDE as appendices)
1. The Basic Column Formula, May 1952
2. Notes on Compression Testing of Metals, July 1956
3. Stub-Column Test Procedure, June 1962
REPORTS AND PUBLICATIONS
h b di t "b ted and received in theThe following papers ave een s r~ u
eRe library during the past year. The listing is according to task
group and task reporter sequence.
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Task Group 1 - Centrally Loaded Columns
Brozzetti, J., Alps ten , G. A., Tall, L.
RESIDUAL STRESSES IN A HEAVY ROLLED SHAPE l4WF730, Fritz
Engineering Laboratory Report No. 337.10, Lehigh University,
Bethlehem, Pennsylvania, February 1970.
Brozzetti, J., Alpsten, G. A., Tall L.
WELDING PARAMETERS, THICK PLATES, AND COLUMN STRENGTH, Fritz
Engineering Laboratory Report No. 337.21, Lehigh University,
Bethlehem, Pennsylvania, February 1970.
A1psten, G. A., Tall, L.
RESIDUAL STRESSES IN HEAVY WELDED SHAPES, Fritz Engineering
Laboratory Reprint No. 70-6, Lehigh University, Bethlehem,
Pennsylvania, March 1970.
Nishino, F., Tall, L.
EXPERIMENTAL INVESTIGATION OF THE STRENGTH OF T-l STEEL COLUMNS,
Fritz Engineering Laboratory Report No. 290.9, Lehigh University,
Bethlehem, Pennsylvania, May 1970.
Bjorhovde, R., Tall, L.
SURVEY OF UTILIZATION AND MANUFACTURE OF HEAVY COLUMNS, Fritz
Engineering Laboratory Report No. 337.7, Lehigh University,
Bethlehem, Pennsylvania, October 1970.
Beer, G., Tall, L.
AUTOMATIC PLOTTING OF RESIDUAL STRESS DIAGRAMS, Fritz Engineering
Laboratory Report No. 337.26, Lehigh University, Bethlehem,
Pennsylvania, November 1970.
Beer, G., Tall, L.
THE STRENGTH OF HEAVY WELDED BOX COLUMNS, Fritz Engineering
Laboratory Report No. 337.27, Lehigh University, Bethlehem,
Pennsylvania, December 1970.
Tall, L., Alpsteo, G. A.
ON THE SCATTER IN YIELD STRENGTH AND RESIDUAL STRESSES IN STEEL
MEMBERS, IABSE Symposium on Concepts of Safety of Structures and
Methods of Design, London, 1969.
Tall, L., Alpsten, G. A.
PREDICTION OF BEHAVIOR OF STEEL COLUMNS UNDER LOAD, IABSE Symposium
on Concepts of Safety of Structures and Methods of Design, London,
1969.
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Task Group 3 - Ultimate Strength of Columns with Biaxially Eccentric Load
Pillai, U. S.
REVIEW OF RECENT RESEARCH ON THE BEHAVIOR OF BEAM-COLUMNS UNDER
BIAXIAL BENDING, Civil Engineering Research Report No. CE70-1,
Royal Military College of Canada, Kingston, Ontario, January 1970.
Pillai, U. S.
TESTS ON THREE-DIMENSIONAL NON-SWAY STRUCTURAL SUBASSEMBLAGES,
Civil Engineering Research Report No. CE70-3, Royal Military College
of Canada, Kingston, Ontario, May 1970.
Lott, J. F., Pillai, U. S., Ellis, J. S.
THREE-DIMENSIONAL INELASTIC SUBASSEMBLAGE DESIGN, Royal Military
College of Canada, August 1970.
Task Group 6 - Test Methods for Compression Members
Tebedge, N., Marek, P., Tall, L.
METHODS FOR TESTING OF COLUMNS, Draft report submitted to CRC Task
Group 6, August 1970.
Other Reports
Beer, H., Schulz, G.
DIE TRAGLAST DES PL~~SIG MITTIG GEDRUCKTEN STABS MIT IMPER-
FEKTIONEN, Reprint from VDI-Zeitschrift, Vol. III, No. 21, No. 23,
and No. 24, May 1970.
Johnston, B. G.
SPACED STEEL COLUMNS, Paper submitted to the Journal of the ASCE
Structural Division, August 1970.
Huang, J. S., Yen, B. T.COLUMN RESEARCH COUNCIL BIBLIOGRAPHY, Fritz Engineering Laboratory
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Purchase (for distr. &sale)
Purchase of Technical Papers
United Engineering Trustees






























































(1) Including $1500 for Guide support
(2) NSF Grant in support of 1970 Annual Technical Session, paid
upon receipt of bills by Lehigh U.
(3) Includes grant of $9,600 in support of Guide preparations,
and $7,000 to be applied for in connection with 1971 Annual
Technical Session
(4) For Director
(5) Allocated in 1968-69, but paid in 1969-70 (support for Guide
preparation at Rice, Ohio State)
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RESEARCH FUNDING DIRECT TO INSTITUTION
Task Group 1 - Centrally Loaded Columns
Lehigh University
WELDED COLUMNS AND FLAME-CUT PLATES
RESIDUAL STRESSES IN THICK WELDED PLATES
Task Group 3 - Ultimate Strength of Columns with
Biaxially Eccentric Load
New York University
INELASTIC STABILITY OF SPACE FRAMEWORKS
Royal Military College of Canada
ULTIMATE CAPACITY OF BIAXIALLY LOADED
STEEL COLUMNS
Lehigh University
SPACE FRAMES WITH BIAXIAL LOADING IN COLUMNS
Task Group 7 - Tapered Members
State University of New York at Buffalo
STUDY OF TAPERED STRUCTURAL MEMBERS
Task Group 9 - Curved Compression Members
Ohio State University
OUT-OF-PLANE BUCKLING OF ARCHES
Task Group 10 - Design of Laterally Unsupported
Bea~Columns '
Lehigh University
DESIGN OF LATERALLY UNSUPPORTED BEAM-COLUMNS
































Task Group 14 - Horizontally Curved Girders
Carnegie-Mellon University
INSTABILITY OF HORIZONTALLY CURVED MEMBERS PDH $15,000
Task Reporter 2 - Strength of Longitudinally Stiffened Panels
Lehigh University
GRILLAGES USN-NSEC 23.800
Task Reporter 5 - Frame Stability
Lehigh University
STRENGTH OF SWAY SUBASSEMBLAGES
Other Research
Carnegie-Mellon University
DYNAMICALLY LOADED LIGHT GAGE COLD-FORMED
COLUMNS
Lehigh University
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A. Committee on the Guide to Design Criteria for Metal Compression
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B. Conunittee on Finance
L. S. Beedle, Chairman
T. V. Galambos
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C. Ad Hoc Committee on Research
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Task Graup 1 - Centrally Loaded Columns
J. A. Gilligan , Chairman J. E. Goldberg E. G. Paulet
R. R. Graham, Vice Chairman D. H. Hall L. Plofker
L. S. Beedle* R. L. Ketter L. D. Sandvig
C. E. Cutts A. F. Kirstein L. Tall
M. P. Gaus W. A. Milek, Jr.
Task Group 1 is concerned with the strength of centrally loaded
columns as influenced by geometrical properties of the column cross
section, mechanical properties of the material in the column and
variables associated with the manufacture and fabrication of columns.
Task Group 3 - Ultimate Strength of Columns With Biaxially Eccentric Load









This task group is concerned with investigating the behavior of
columns subjected to biaxial bending, with a view of developing rational
design procedures based on the ultimate strength of such members.
Task Group 4 - Frame Stability and Effective Column Length
J. S. B. Iffland, Chairman* M. S. Gregory B. G. Johnston
C. Birnstiel O. Halasz L.-W. Lu
W. E. Edwards T. R. Higgins W. A. Milek, Jr.
E. H. Gaylord 1. J. Hooper G. H. Powell
C. K. Wang
The purpose of this task group is to investigate the stability of
building frames, including effective column length aspects. It will
work in close contact with Task Groups 10 and 15.
Task Group 6 - Test Methods for Compression Members
L. Tall, Chairman E. W. Gradt L. K. Irwin*
L. S. Beedle R. A. Hechtman B. G. Johnston
J. W. Clark T. R. Higgins B. M. McNamee
This task group is concerned with the development of technical
memoranda on experimental methods and techniques of testing structural
members subject to buckling, including the analysis of the data of the
test. It is also the purpose of the group to organize and conduct
technical sessions and symposia on test methods to facilitate exchange
of information on new testing procedures.
*Executive Committee Contact Member
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Task Group 7 - Tapered Members
A. Amirikian, Chairman




(Joint Task Group with waC)
R. L. Ketter N.
K. H. Koopman A.
G. C. Lee I.
Le-Wu Lu




This task group, a joint task group with Welding Research Council,
is concerned with research leading to the development of design procedures
for tapered structural members and frames made of such members.
Task Group 8 - Dynamic Instability
D. A. daDeppo, Chairman B. G. Johnston* 1. K. McIvor
B. J. Hartz N. E. Landdeck W. C. Schnobrich
G. Herrmann R. M. Mains
N. J. Hoff G. F. McDonough
The goal of the work of thiS task group is to make design recom-
mendations regarding the load carrying capacity of columns and other
compression members subjected to dynamic loading. To this end, the
available information in field will be correlated and the areas in which
further research effort is required will be identified.
Task Group 9 - Curved Compression Members
W. J. Austin, Chairman J. A. Handel A. Sieve
J. Chinn N. G. Harks L. G. Silano
J. W. Clark* E. F. Hasur G. A. Wempner
N. C. Lind M. Ojalvo
This task group is concerned with the stability of curved com-
pression members, such as arches, loaded in the plane of curvature.
Both in-plane and lateral buckling are to be considered. The task
group aims at the development of information to be used in a new chapter
of the Guide to Design Criteria for Metal Compression Members.
Task Group 10 - Design of Laterally Unsupported Restrained Beam-Columns




W. A. Milek, Jr.
M. OJ alva
This task group is concerned with the study of design methods
for wide-flange bea~columns subjected to strong axis bending and un-
braced against out-of-plane deformations. The study consists of ex-
perimental and analytical investigations of the behavior of beam-and-
column assemblages where the columns are laterally unrestrained. The
final purpose is the development of improved design rules for such
members.
*Executive Committee Contact Member
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Task Group 11 - European Column Studies
D. Sfintesco, Chairman A. Cornell L. TallW. A. Milek, Jr., Vice Chairman M. P. Gaus 1. M. ViestG. A. Alpsten R. K. McFalls C. K. YuL. S. Beedle* B. M. McNamee
A. Carpena E. O. Pfrang
The purpose of this task group is to examine the strength of
centrally loaded steel columns with particular reference to a statis-
tical approach to tests and interpretation of data. Through collabora-
tion with Subcommittee 8 of the European Convention of Constructional
Steelwork, the task group will provide guidanc,~ to C;:Aperi-
mental and theoretical studies in the United States 0L the heavier
European rolled shapes.
Task Group 12 - Mechanical
G. F. Fox, Chairman
P. F. Adams
J. J. Healey
Properties of Steel in Inelastic Range
A. F. Kirstein W. J. Wilkes
Le-Wu Lu
C. F. Scheffey*
The purpose of the task group is to obtain data on the mechanical
properties of steel in the inelastic range of particular importance to
stability solutions. Among other things this would include determination
of the average value and variation of the following: yield stress level t
strain hardening modulus, magnitude of strain at initial strain hardening,
and, for materials without a well defined yield point, yield strength,
tangent modulus and secant modulus.
Task Group 13 - Thin-Walled Metal Construction
s. J. Errera, Chairman J. A. Gilligan T. Pekoz
J. W. Clark A. Johnson G. Winter*
E. R. Estes, Jr. A. Ostapenko w. W. Yu
The purpose of this task group is to digest the literature on
thin-walled metal construction, as it relates to stability, and to
draft a chapter for the third edition of the CRC Guide. Materials
of interest include carbon steels, alloy steels, stainless steels
and aluminum alloys. The effects of various manufacturing and fab-
rication processes shall be considered.
Task Group 14 - Horizontally





W. A. Milek, Jr.
M. OJ alva
w. M. Thatcher
The purpose of this task group is to explore the stability problems
which occur in horizontally curved girders, both during erection and in
the completed structure, the effects of rolling and fabrication practice
on these problems, and criteria for adequate bracing.




Task Group 15 - Laterally Unsupported Beams
R. L. Haenel, Chairman L. D. Carpenter
P. F. Adams T. V. Galambos*
The purpose of this task group is to study the stability of
laterally unsupported beams and the bracing requirements for such
beams in both the elastic and inelastic ranges with emphasis on beams
in framed structures. The research should lead to a design procedure
for such members.
Task Group 16 - Plate Girders
B. T. Yen, Chairman J. L. Durkee* C. Massonnet
K. Basler G. K. Gillan A. Ostapenko
P. S. Carskaddan H. S. Lew F. D. Sears
This task group is concerned with the stability and strength of
plate girders. A considerable amount of work on the behavior and load
carrying capacity of plate girders is underway in this and other
countries. The purposes of the task group are to facilitate exchange
of information among these investigators, to encourage preparation of
reports relevant to design specifications, and to assist in revising
the chapter on plate girders in the CRC Guide.
Task Group 17 - Stability of Shell-Like Structures
K. P. Buchert, Chairman J. O. Crooker C. D. Miller
J. H. Adams T. V. Galambos E. P. Popov
L. O. Bass A. Kalnins C. F. Scheffey
A. Chajes D. Krajcinovic D. R. Sherman
J. W. Clark* C. Libove D. To Wright
The purpose of this task group is to prepare a chapter for the
CRC Guide, summarizing design information on the stability of civil
engineering shell-type structures.
Task Group 18 - Tubular Members
A. L. Johnson, Chairman D. W. Fowler Marshall
J. H. Adams
P.
R. R. Graham R. M. MeithA. O1ajes L. P. Johnston D. R. ShermanJ. L. Durkee* J. R. Lloyd W. Todd
The purpose of this task group is toGuid prepare a chapter for the
e. This chapter will summarize design i f 1tubes and shells. n ormation on cylindrica
*Executlve Committee Contact Member
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Task Group 19 - Stiffened Plate Structures







The purpose of this task group is to prepare material for the
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The general purposes of the Column Research Council shall be:
1. To maintain a forum where problems relating to the design and be-
havior of columns and other compression elements in metal structures
can be presented for evaluation and pertinent structural research
problems proposed for investigation.
2. To digest critically the world's literature on structural behavior
of compression elements and to study the properties of metals avail-
able for their construction, and make the results widely available
to the engineering profession.
3. To organize, administer, and guide cooperative research projects
in the field of compression elements, and to enlist financial
support for such projects.
4. To promote publication and dissemination of original research in-
formation in the field of compression elements.
5. To study the application of the results of research projects to
the design of compression elements; to develop comprehensive and
consistent design formulas and rules, and to promote their adoption
by specification-writing bodies.
*Revised: August 21, 1947; October 1, 1948; November 1, 1949; August 15,
1951; May 20, 1955; October 1, 1960; May 7, 1962; May 21, 1965;
and May 31, 1968.
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Membership
The membership of the Council shall consist of the Representatives
of the Participating Organizations and a variable number of Members-at-Large.
A representative is appointed by the participating organization,
subject to the approval of the Executive Committee, and continues to serve
until replaced by the organization which he represents. A participating
organization may appoint up to three representatives. Organizations con-
cerned with investigation and design of metal compression members and struc-
tures may be invited by the Council to become participants.
An individual who has expressed interest in the work of the Council,
and who has done or is doing work germane to its interest, may be elected
Member-at-Large by the Council, following nomination by the Executive Com-
mittee.
Every three years the Chairman of the Council shall check with each
Member-at-Large to determine whether he wishes to continue his membership.
Corresponding members are appointed by the Executive Committee to
maintain contact with organizations in other countries that are active in
areas of interest to the Council.
Meetings
The Council shall hold at least one regular annual meeting each
fiscal year, and such additional meetings as may be deemed necessary by
the Executive Committee. A Quorum shall consist of at least twenty mem-
bers.
Fiscal Year





To establish policies and rules.
To solicit funds for the work of the Council, and to maintain a general
f id funds • including the appropriation of grants forsupervision 0 sa .
specific purposes.
ffi f t he administration of theTo maintain and operate a central 0 ce or
work of the Council, and for the maintenance of its records.
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4. To prepare an annual budget.
5. To issue annual reports
6. To organize and oversee the committees and task groups established
to carry out the projects authorized by the Council.
Officers
1. The elected officers of the Council shall be a Chairman and a Vice
Chairman. The Chairman shall exercise general supervision over the
business affairs of the Council, subjected to the direction of the
Council, shall perform all duties incident to this office, and shall
be Chairman of the Executive Committee. It shall be the duty of the
Chairman to preside at meetings of the Council and of the Executive
Committee. The Vice Chairman shall perform all the duties of the
Chairman in his absence.
2. The terms of office of the Chairman and Vice Chairman shall begin on
October 1st and shall continue for 3 years. They shall be eligible
for immediate re-election for only one term of one year. In the event
of a vacancy in the office of Chairman or Vice Chairman, a successor
shall be appointed by the Executive Committee to serve for the re-
mainder of the unexpired term.
3. There shall be a director engaged by the Executive Committee subject
to the approval of the Council, who shall be the chief executive paid
officer of the Council. Additional paid officers may be appointed by
the Council as may be necessary. If there is no paid Secretary, the
Chairman may appoint a Secretary, who need not be a member of the
Council.
4. The Director of the Council shall conduct the regular business of the
Council subject to the general supervision of the Council and of the
Chairman. The Director shall be expected to attend all meetings of
the Council, Executive Committee, and main committees. The Director
shall be ex-offi.:io a member of the Council and the Executive Committee.
The Director shall conduct the official correspondence of the Council,
shall handle the financial affairs of the Council in accordance with
an approved budget, and shall keep full records thereof. He shall
carefully scrutinize all expenditures and exert every effort to secure
economy in the business administration of the Council, and shall person-
ally certify to the accuracy of all bills or vouchers on which money
is to be paid. He shall engage such employees as may be authorized,
shall be responsible for their work, and shall determine their salaries
within the budget limitations, subject to the approval of the Executive
Committee. The salary of the Director and other paid officers shall be
fixed by the Executive Committee. The Director shall draw up and






Each year, the Executive Committee shall appoint 3 members of the
Council to serve as the Nominating Committee. One of the three shall
be named Chairman by the Chairman of the Council. Members of the Ex-
ecutive C~mmittee or of the previous year's nominating Committee shall
not be el~gible to serve on the Nominating Committee.
The Nominating Committee shall name a slate for Chairman and Vice
Chairman of the Council, and members of the Executive Committee. The
Committee shall submit its nomination for Chairman and Vice Chairman
to the Executive Committee prior to the Annual Meeting. Nominations
for members of the Executive Committee will be submitted to the Member-
ship at the regular Annual Meeting.
3. The election of Chairman and Vice Chairman of the Council shall be by
letter ballot. The ballots shall be canvassed at the regular Annual
Meeting of the Council. Should no candidate for an office receive a
majority of the ballots case for such office, the annual meeting shall
elect the officer by ballot from the two candidates receiving the
largest number of votes in the letter ballot.
Executive Committee
1. An Executive Committee of nine members shall be elected by the Council
from its membership. The term of membership shall be for three years,
and three of the members shall be elected each year at the time of the
regular Annual Meeting of the Council. Nominations shall be made by
the Nominating Committee as described in the section "Election of
Officers". In addition the Chairman, Vice Chairman, Director, and the
most recent Past Chairman and Past Vice Chairman of the Council shall
be ex-officio members of the Executive Committee. Members shall take
office upon their election. They shall be eligible for immediate re-
election. Vacancies shall be filled by appointments by the Chairman
from the membership of the Council, such appointees to serve for the
remainder of the unexpired term.
To appoint nominating committee.
To appoint chairmen of committees and task groups, and approve
committee and task group members.
To review reports and manuscripts.






The Executive Committee shall transact the business of the Council and
shall have the following specific responsibilities and duties:
(a) To direct financial and business management for the Council, in-
cluding the preparation of a tentative annual budget.
To review and approve proposed research projects and Contracts.
2.
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(g) To prepare program for Council meeting.
(h) To correlate and give general supervision to research projects.
(i) To refer inquiries relating to design practice to the Committee
on Recommended Practice- for definition, evaluation, and sug-
gestions for task group assignment.
3. From time to time, the Executive Committee may ask additional con-
sultants particularly interested in definite projects to act with
it in an advisory capacity.
4. The Chairman, witu the approval of the Executive Committee, shall
appoint a Finance Committee to solicit the support required to carry
out its projects.
5. The meeting of the Executive Committee shall be at the call of the
Chairman or at the request in writing of two members of the Executive
Committee. A quorum shall consist of five members, two of whom may
by the Chairman and Vice Chairman of the Council.
6. The Executive Committee shall transact the business of the Council
subject to the following limitations:
The minutes of the Committee shall be transmitted
promptly to all members of the Council. If no objection
is made by any member of the Council within two weeks
after the minutes have been mailed, then the acts of the
Executive Committee shall be considered as approved by
the Council. If disapproval of any Committee action is
made by three or more Council members, then the question
raised shall be submitted to the Council for vote at a
meeting called for that purpose, or by letter ballot.
Contracts
The Council may make contracts or agreements, within its budget.
Contracts for research projects preferably should be for the fiscal year
period. Contracts with the Director or other paid employees of the
Council may. with the approval of the Executive Committee. be for periods
exceeding one fiscal year. At the end of such one-year period. contracts
may be renewed or extended by the Council for an additional period pre-
ferably not exceeding the new fiscal year.
Standing and Special Committees
1. The Standing Committees shall be a Committee on Finance and a Committee
on the "Guide to Design Criteria for Metal Compression Members". There
shall be such Special Committees as may be approved by the Council.
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2. Standing and Special Committees and their Chairmen, shall be appointed
by, and responsible to, the Executive Committee. They shall be named
at a, regular annual meeting of the Council, shall take office upon
appoIntment, shall serve for three years and shall be eligible for
immediate reappointment. Vacancies shali be filled in the same manner
as regular appointments except that such appointees will complete the
term of office vacated.
3. The Committee on Finance
the work of the Council.




the support required to carry on
and the Vice Chairman shall be
the Executive Committee.
4. The Committee on the "Guide to Design Criteria -for Metal Compression
Members" shall direct the preparation and publication of the various
editions of the "Guide".
Research Committees and Task Groups
1. The Executive Committee may authorize one or more research committees
or task groups, each for a specific subject or field. Each committee
or task group shall consist of a number of members as small as feasible
for the work in hand. Members need not be members of the Council.
2. Research committee chairmen or task group chairmen shall be appointed
by the Executive Committee, adequately in advance of the annual meeting
of the Council.
3. All research co~nittee or task group appointments shall expire at the
time of the regular annual meeting of the Council. Prior to the annual
meeting, each committee chairman or task group chairman for the ensuing
year shall review the personnel of his committee or task group with the
idea of providing the most effective organization, and shall make recom-
mendations thereon to the Executive Committee. Committee or task group
personnel shall be approved or modif{ed by the Executive Committee,
prior to the conclusion of the annual meeting of the Council.






To review proposed research projects within its field, and to
render opinions as to their suitability;
To make recommendations as to needed research in its field;
To give active guidance to research programs within its field,
in which connection research committees or task groups are em-
powered to change details of programs within budget limitations;
To make recommendations as to the time when a project within its
field should be temporarily discontinued, or terminated;
At the request of the Executive Committee to prepare summary re-
ports covering results of research projects and/or existing
knowledge on specific topics.
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5. Each project handled by a research committee or task group shall be
of definite scope and objective.
6. Each research committee or task group shall be responsible to the
Executive Committee for organizing and carrying out its definite
projects, which must be approved by the Executive Committee.
7. Each research committee or task group shall meet at least once in
each fiscal year before the annual meeting of the Council, to re-
view progress made, and to plan activities for the ensuing year.
8. Each research committee chairman or task group chairman shall make
a report to the Executive Committee at the time of the Annual
Meeting.
Revision of By-Laws
These By-Laws maybe revised at any time upon a majority vote




1. OUTLINE OF ROUTE OF A RESEARCH PROJECT FOR CONSIDERATION OF THE COLUMN
RESEARCH COUNCIL
Projects are to be considered under three classifications:
(1) Projects originating within the Column Research Council.
(2) Those originating outside the Column Research Councilor re-
sulting from work at some institution and pertaining to general
program of study approved by Column Research Council.
(3) Extensions of existing CRC sponsored projects.













Referred to Executive Committee for study and report to Council
with recommendation.
If considered favorably by Council, the Executive Committee will
take necessary action to set up the project.
Project Committee, new or existing, sets up project ready for
proposals and refers back to Executive Committee.
Executive Committee sends out project for proposals.
Project Committee selects and recommends successful proposal to
Executive Committee for action.
If awarded the Project Committee supervised the project.
Project Chairman is to obtain adequate interim reports on project
from laboratory.
Project Chairman advises Executive Committee adequately in advance
of annual meeting as to report material available for Council
presentation.
Executive Committee formulates program for presentation of reports
annual meeting.
Project Committee submits reports on any completed phase of the
work for the Executive Committee.
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12. Executive Committee determines disposition of report subject to
approval of the Council before publication.
Projects under Class (2) would be handled essentially the same
except that steps 4, 5, and 6 would be omitted at the discretion of the
Executive Committee. The procedure for items 7 - 12 would then be un-
changed from that used for Class (1) projects.
With regard to Class (3) projects, an extension of an existing
project which requires no additional funds or changes in supervisory
personnel shall be approved by a majority of the Executive Committee, but
need not be reported to the Council for its consideration or action. If
an extension requires additional funds, such extensions may be approved by
the Executive Committee subject to approval by a letter ballot from the
Council.
II. OUTLINE OF A PATH OF A PROJECT THROUGH THE COUNCIL (FOR RECOMMENDED
PRACTICE)
1. Task Group submits its finding to the Executive Committee.
2. Executive Committee acts and forwards to Recommended Practice
Committee.
3. Recommended Practice Committee acts and forwards recommendations
to Executive Committee.
4. Council votes on the matter.
5. Executive Committee transmits recommendations and findings to
specification writing bodies, and/or Publications Committee
arranges for publication.
III. DISTRIBUTION AND PUBLICATION OF REPORTS
For the guidance of project directors and task group chairmen
the following policy is recommended with regard to the distribution of
technical progress reports and with respect to the publication of re-
ports. The scope of this procedure is intended to cover those reports




Distribution of Technical Progress Reports
Any duplicated report prepared by an investigator carrying out
a research program may be distributed to the appropriate task group and
~o mem~ers of the Executive Committee with the understanding that the
~nvest~gator may make further limited distribution with a view of ob-
taining technical advice. General distribution will only be made after
approval by the task group.
Publication of Reports
Published reports fall into two categories and are to be pro-
cessed as indicated.
A. Reports Constituted as Recommen~ations of the Council
1. The report shall be submitted to the Executive Committee which
after approval will circulate copies to members of the Column
Research Council.
2. Subject to approval of the Column Research Council, the Pub-
lication Committee takes steps to publish Council recommenda-
tions.
B. Technical Reports Resulting from Research Programs
1. Universities or other organizations carrying out programs of
research for the Column Research Council should make their own
arrangements for publications or results.
2. Assuming that the investigator wishes to arrange for such pub-
lication, approval must be obtained from the appropriate task
group.
Reprints are currently used as means of distributing reports of
projects sponsored by or of interest to the Council. Investigator
should order sufficient reprints for distribution by the Council.




When appropriate, reprints should be distributed under a dis-
tinctive cover.
A statement of sponsorship should be included in all reports.
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